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Abstract .- Tricyclo(5.2.1.04~10)dacane-2,S,8-trions (4) has bssn ayntha- 
sized from the cortssponding bis-acetal of the unsaturated diketons 20 
by a hydroborationloxihationfdaprotsction saquence. 

Tricyclo(5.2.1.04*1O)decane-2,5,8-trione (4) is a chiral molecule, 

which has been especially deslgned as the starting material for 

reflexive synthesis of dodecahedrane.1 

with a C3 axis of symnetry, 

an attempted convergent and 

I I Ratios of 4:5 ! I 
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Scheme 1 

HydroborationlOxidation of Triquinacene (1) and Rono and Oiketone, 2 and 3, as the 
Corresponding Acetal Derivatives 
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One of the general strategies we devised for the synthesis of trione 4 involves the pertinent 

functionalization of the triquinacene skeleton, a process that requires a regioselective control 

in order to create the three 1,4-dissonant bifunctional relationships between the three carbonyl 

groups present in the molecule. According to this general strategy we have already reported the 

hydroborationloxidation of either the triquinacene itself (1) or the acetal of the corresponding 

monoketone 2. As shown in Scheme 1, of the two possible regioisomers the wanted symmetrical 

triketone 4 is. in both cases, the unfavored isomer on strictly statistical basis (1:3). Although 

experimental conditions have been found in the case of triquinacene, in which the ratio of the 

symmetrical triketone 4 is higher than that (2:3), 293 in the case of the monoacetal of monoketone 

2 a less favorable I:4 ratio was obtained because the inductive effects of the acetal group 

prevail over the steric effects.la 

Since the yields and the statistical ratio of the regioisomers are very unfavorable in the 

case that two bifunctional relationships have to be created, we have prepared a substrate such as 

the bis-acetal of ketone 3. in which one bifunctional 1,4-dissonant relationship is already pre- 

sent in the molecule. In such a case, higher yields and regioselectivity must be expected because: 

1) it implies the functionalization of only one double bond, --- and ii) a I:1 ratio of regioisomers 

should be expected on strictly statistical basis. 

For the synthesis of diketone 3 we did follow a procedure essentially identical to that 

reported for monoketone 2 (Scheme 2). Ias 
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Scheme 2 

a) DIBAL/benzene/ether; b) LiAlHq/THF/ether; c) CCP/CH2C12 

As previously reported by Deslongchhmps, 5 lactone 6 could be either reduced with DIBAL or 

lithium aluminum hydride to afford, respectively the hydroxyaldehyde 7 or the diol 8, in quanti- 

tative yields. Oxidation of elther one of these compounds with PCC afforded the ketoaldehyde 9 

(58% and 73% overall yield, respectively). 

Treatment of the ketoaldehyde 9 with aqueous 2M HCl in acetone, for 3 days, leads to a 2:l 

mixture of endo (10) and exo-aldol (ll), together with 20% yield of acetal 12. The endo configura- - 
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tion to the aldol Kl was assigned on the basis of X-ray analysis, as described below. The control 

of the reaction by 1H WMR shows that after 2 h all the starting ketoaldehyde g was practically 

transacetalized to acetal 12. the evolution from it being extremely slow and it could be even 

detected after reaction times longer than 10 days (Scheme 3). 

9 $y5go+ (go+& 
0 10 0 
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0 

12 

Scheme 3 

The mixture of aldols was treated with mesyl chloride, in dichloromethane solution, in the 

presence of either triethylamine or pyridine. to give a mixture of methanesulfonates 13 and 14 

which, by a nucleophilic substitution with lithium phenylselenide,6 led to a 9:l mixture of 

selenides 15 and 16 (Scheme 4). 

fjljo e.do _$Jo 
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10 end0 13 endo 150x0 
110x0 14 0x0 10endo 

Scheme 4 

a) MsCl/Pyr/CH2C12; b) PhSeSePh/BuLi/benzene 

In one of the intramolecular aldol operations, in which the reaction mixture was allowed to 

react for 10 days, besides a decreasing of the yields of the corresponding aldols 10 and 11, it 

was observed a higher proportion 

constitutional isomer of 10 and 

other than the one leading to 

bridged structure 17 (X = OH). 

of the acetal 12 and the presence of a third aldol that must be a 

11 -probably formed by condensation from an activated position 

the expected triquinacene skeleton-, to which we assigned the 
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On the other hand, careful column chromatography over silica gel of the crude reaction 

product resulting from the mesylation of the aldols allowed the isolation of a third methanesulfo- 

nate. the 'Ii and the l3C NKR spectra of which strongly supports the structure 17 (X = OSO2CH3). 

Since in all the performed aldol cyclizations the ratio of aldols IO:11 was rather constant 

(2:1), it was quite surprising that the mixture of the corresponding selenides was basically 

formed by one of the isomers. In order to obtain some insight into this fact, the two aldols 10 

and 11 were separated by column chromatography and each one was separately mesylated. It was 

observed that although substitution on either one of two methanesulfonates 13 and 14 leads, in 

60-62X yield, to the same seleno compound 15, in the crude mixture resulting from the exo isomer - 
14 some endo-selenide 16 was also detected by t.1.c. The analysis of the 1~ HMR spectrum allowed 

the assignation of the exo configuration to the seleno derivative 15. since for the exo isomer the - - 
observed values of the coupling constants for the a H to the phenylselenide group are 1.4. 1.4, 

and 5.6Hz, corresponding to two Jtrans and to one Jcis, whereas for the endo isomer the values 

are 12.0, 8.4 and 6.OH2, corresponding to two J,ii and one Jtrans. 

From a mechanistic point of view, the fact that the endo-methanesulfonate 13 leads to the 

exo-selenide 15 can be explained assuming SN2 mechanism as generally accepted.7 while the trans- - 
formation of the exo-methanesulphonate 14 to the exo-selenide must take place either by a SNI or - - 
by an elimination-addition mechanism. Since the endo-selenide is recovered unchanged when it was 

submitted under the substitution conditions, any possible equilibration to the more stable exo- - 
selenide must be excluded. 

The oxidation/elimination sequence directly applied to the selenide 15 may lead, through a 

syn-elimination, to two isomeric unsaturated ketones, 18 and 3 (Scheme 5). However, when the 

selenide 15 was treated with sodium tnetaperiodate only the conjugated ketone 18 was obtained in 

yields higher than 80%. As previously reported in the case of the corresponding monoketone 2,1a 

the unconjugated ketone 3 could be obtained by protecting the functional groups as an acetal 

before the elimination reaction, protection that was indeed necessary in the hydroboration step. 

Se Ph 

@Jo ----@Jo + p. 

0 15 0 18 

Scheme 5 

Accordingly, transacetalization of the selenide 15 leads to the bis-acetal 19, in 93% yield, 

which was oxidized with MCPBA affording, after thermolysis of the intermediate selenoxide, the 

unsaturated bis-acetal 20, in 96% yield (see Scheme 6). Hydroboration of newly created double bond 

with BH3.SMe2 in THF, followed by oxidation with H202, led to a mixture of monoalcohols that were 

separated by column chromatography and identified as 21 and 22, in a 40:60 relative ratio, the 

total yield being 92%. The structural assignments were made on the bases of the corresponding 

triketones resulting from an oxidation/deprotection sequence. While oxidation of 21 with PCC led 

to the ketone bis-acetal 23 in 71% yield, the oxidation of 22 afforded 24 in 93% yield. The 13C 

NMR spectra corroborated also the structural assignments, since the chemical shift of C-l was 

higher in 23 than in 24, as observed in scme related bicyclic and tricyclic models (see 

Chartl).lr8*9 Final confirmation was obtained when the bis-acetal 24 was treated with HCl in THF 

to give, in 94% yield, the diketone monoacetal 25, which had been previously characterized and 

transformed to triketone 4 by further acid hydro1ysis.l 
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Scheme 6 

a) 2.2.5Trimethyl-1,3-dioxane/ p-MeC&S020H; b) 

H202/NaOH; d) CCP/CH$12; e) HCl/tHF. 

MCPBA/CH2C12 - NHEt#Clq; c) BH3.SME2/THF - 
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Chart 1 
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X-Ray Diffraction Analysis of Structure lO.- In order to confirm the sterochemistry of the tricy- 

clic aldols. which was assigned on the basis of the 1t1 NMR data, a X-ray diffraction analysis of 

the predominant endo-isomer 10 was also performed, and a brief discussion of the most salient 

structural details of this coarpound follows. 

In the first place, it is observed that practically all the C-C bonds distances are in the 

range of the standard values, 1.53 + 0.02 A, with the exception of the C(7)-C(3) bond that is 

longer than those values: 1.567 i (Table 1). Regarding to the internal angles of the cyclopentane 

rings, all of them are in the range 102.9-114.90 (Table 1). and it is also observed that, of the 

three condensed cyclopentane rings. the ring B (C(3)-C(4)-C(5)-C(6)-C(7)) is practically a perfect 

envelope, as shown by the 0.96O value for the dihedral angle C(4)-C(3)-C(7)-(6). On the other 

hand, though the ring C (C(6)-C(7)-C(8)-C(9)-C(l0)) is roughly a perfect envelope too, with a 

value of 3.19O for the dihedral angle C(8)-C(9)-C(lO)-C(6). the ring A (C(l)-C(2)-C(3)-C(7)-C(8)) 

which holds the OH group at the endo configuration, shows a skew envelope directing the oxygen 

atom towards the inside of the convex face of the triquinacene polycyclic system. 

P- 

Fig. 1 X-Ray drawing of compound 10 

Table 1. Selected bond distances and angles for compound 10 with e.s.d.s in parentheses 

Distances (A) Angles (0) 

C(1)-0(1) 1.433 (0.002) 
C(1)-C(2) 1.522 (0.003) 
C(1)-C(8) 1.539 (0.003) 
C(2)-C(3) 1.538 (0.003) 
C(3)-C(4) 1.535 (0.003) 
C(3)-C(7) 1.567 (0.002) 
C(4)-C(5) 1.508 (0.003) 
C(5)-O(5) 1.218 (0.003) 
C(5)-C(6) 1.515 (0.002) 
C(6)-C(7) 1.554 (0.003) 

C(2)-C(l)-O(1) 111.6 (0.2) 
C(8)-C(l)-O(1) 106.3 (0.2) 
C(8)-C(l)-C(2) 102.9 (0.2) 
C(3)-C(2)-C(1) 105.2 (0.2) 
C(7)-C(3)-C(2) 103.8 (0.2) 
C(7)-C(3)-C(4) 105.9 (0.2) 
C(5)-C(4)-C(3) 107.2 (0.1) 
C(6)-C(5)-C(4) 109.2 (0.2) 
C(7)-C(6)-C(5) 104.9 (0.1) 
C/10)-C/6)-C(7) 107.5 (0.2) 

cisj-C(G) 1.521 (0.003j C(6):C(i)&3)' 107.8 (O.lj 
C(7)-C(B) 1.538 (0.003) C(8)-C(7)-C(3) 106.9 (0.2) 
C(8)-C(9) 1.517 (0.003) C(8)-C(7)-C(6) 105.4 (0.2) 
C/91-0(9) 1.210 (0.003) C(7)-C/8)-C(l) 105.2 (0.1) .-, ~.-, 
C(9)-C( 10) 1.513 (0.003j c(9j-c(aj-c(7j 106.2 (0.2j 

C(lO)-C(9)-C(8) 110.1 (0.2) 
C(9)-C(lO)-C(6) 106.2 (0.2) 
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m.ps. are uncorrected and have been determined in a melting point BUchi 510 apparatus. W, IR and 
1~ NHR spectra were recorded on Parkin-Elraer instruments, model8 Lambda 5. 681 and R-24. respec- 

tively, and the 200 HHS lH NHR and 13C NHR with a varian XL-200. Hass spectra were run in a 
Hewlett-Packard 593011 spectrometer and high resolution MS with an updated AIE instNlssnt, model 

902 s. Evaporative distillations wera performed with a B&hi Rugelrohrofen GRR-JO and, unless 
othervise stated, all chromstographic purifications wers performsd on silica gal, using hexane- 
EtOAc mixtures of increasing polarity as eluent. All solvents were dried and distilled before use, 
and reactions wara usually run under an atmosphere of dry N2. 

ando-4.7-Dioxo-cis-bicyclo(3.3.0)octane-2-acstaldehyde, (7)2,2-d~thyltr~thyl~a)acetal, 9. 

A) From lactone 6 by DXBAL reduction: i) To a solution of lactone 6 (1.47 9. 5.5 mmO1) in a 
5:3 mixture of benzenetether (80 mL), cooled at -5oc, a 20% solution of DIBAL in hexane (7.32 mL, 
7.17 nnnol) was added + syringe and the reaction mixture stirred at low tamparature for 35 min. 
water (5 I&) was then added to destroy the axceas of hydride and the resulting mixture diluted 
with dichloromethane (500 ml.), dry and the solvents evaporated to give the hydroxyaldahyde 7 (1.58 
g) in quantitative yields. The product was used for tha next operation without any further purifi- 
cation. IR (film). 3500. 2730. 1730, 1065 and 1030 cm-l) IH NMR 60 MHZ (CaC13): 0.97 fs, 6H1. 1.2- 
2.7 (complsx multiplet. 1lH). 3.45 (8. 4H). 4.22 (AI. IH) and 9.75 (P, 1Iit. 

ii) The above crude hydroxyaldehyde 7 was dissolved in dichloromethana (30 n&t, COOled at 

O°C, and pyridinium chlorochromete (1.78 g, 8.26 mmol) and celite (1.78 g) were added. The mixture 
was stirred at room temperature for 6 h. diluted with ether (100 II&), frltered through a column Of 
silica gel (15 g) and washing with ether (500 mL). Evaporation of the solvent gave s colorless 
oily material which was purified by column chromatography (40 g of SillCa gel), to afford the 
ketoaidehyde 9 (0.950 g) in 58% overall yield from lactona 6. The analytical sample ~(18 prepared 
by evaporative distillation at 210%/0.25 torr. 2870, 2730. 1740, 1730, 1470, 
1400, 1330. 1110 and 1010 cm-1~ 

IR fCHC13): 2960, 
1H NMR 60 MHZ (CDC13): 0.89 (8, 3H), 1.05 (S, 3H), 1.30-3.00 

(complex m, llH), 3.30 (s. 2H). 3.40 (8. 2H) and 9.72 (8. 1H); W3 ma (8): 266 fX+, 67), 249 (18). 
238 (29). 167 (42), 154 (82). 128 (75). 41 (100). Anal. calod. for C15H22O4: C, 67.64; If. 8.33. 
Found: C, 67.57~ N, 8.60%. 

B) From lactone 6 by LlAlH4 reduction: i) To a stirred suspension of lithrum alumrnum hydride 
(4.56 g. 120 nrnol) rn anhydrous ether (120 II&), cooled with an ice bath, a solution of lactone 6 
(11.26 g, 42 mnol) in THF (180 a&) ~(1s added dropwise. The reaction mixture was stirred at room 
iwtperature for 2 h, tt was than cooled with an ice bath and diluted with dichloromethane. The 
intermediate complex was destroyed by adding dropwise a saturated eolutron of sodio-potassium 
tartrate (15 II&). Ths excess of water was elrminsted by anhydrous sodium sulphate. filtration and 
evaporation of the solvents under vacuum to give the dihydroxy compound 8 (11.48 g) in quantzta- 
tive yield. IR (KBC): 3300, 2960, 2860. 1115, 1070 and 1020 cm-l: 1 Ii NMR 60 MHz (CDC13): 0.96 (S 
broad, 6H). 1.0-3.0 (complex m, 17H). 3.45 (s broad. 4H3. 3.60 (m, 3Hl. 4.10 (m, 1H). 

ii) TO a solutron of the above drhydroxy compound in dichloromathane (80 mL), cooled at OOC, 
pyrzdinium chlorochromate (28 g, 130 mmolf and celite (30 g) ware added and the mixture stirred at 
room temperature for Bh. In order to ramove the chromium salts, the reaction mixture was than 
diluted with ether (600 mL), filtered through a column of silica gal and washing with ether (I L). 
and the combined organic solution evaporated under vacuum to afford the ketoaldehyde 9 (8.26 g. 
73) overall yield from lactone 6). 

exo- and endo-9-Hydroxytr~cyclo(5.2.l.O4~lo)decan-2,5-dione 10 and 11. - -* - 

A) To a solution of ketoaldahyde 9 (7.3 g, 27.4 mmol) in acetone (500 I&), aqueous 3H HCl (90 
I&) was added and the mixture stirred at room temperature for 3 days) it was then neutralized with 
sodium bicarbonate (25 g). filtered and the acetone rsmoved under vacuum. The resulting aqueous 
solution was extracted with dichloromethane. the combined organic extracts dried, the solvant 
evaporated under vacuum and the residue chromatographed on silica gel (150 gf to giver 

i) the acatal 12 (1.45 9). in 20% yield, as a colorless solid, m.p. 119-121°C. The analytical 
sample was prepared by tecrystalliration from dichloromethanerhexane. IR 

1150, 1130, 1115, 1020, and 980 cm-l, 1 
(CHC13): 2960, 1740, 

1470, 1170, H NHR 200 MHZ (CDC13): 0.73 (a, 38). 1.19 (8, 
38). l-8-3.2 (COmplex m. 1lH). 3.44 (d, JAB - ll.lHs, ZH), 3.62 (d, JAB = ll.lHs, ZH), 4.51 (t. J 
= 4.6Hs. 1H); MS, m/e (%) : 266 (Mt. 3). 265 (1). 238 (O-5), 181 (7). 163 (5), 137 (5). 135 (8). 
115 (100). 97 (5). 82 (4). 69 (551, 56 (22). and 41 (15). Anal. calad. for C15H22O4: C, 67.64; H. 
8.33. Found: C. 67.43~ H. 8.42%. 

ii) the endo-aldol 10 (1.56 g). 
ethyl acetate).IR (CHc13)r 

in 32% yreld, as a colorless solid, m.p. 165-166Oc (from 
3600, 3550, 2950, 1740, 1400. 1170, 1090, and 1000 cm-l; 1~ NHR 200 

MHZ (CDcl3): 1.73 (half part of an AB system, Jl - 9.5Hz. J2 = J3 = 1.3Hz. ill0 s), 2.01 (half 
part of an AB system, Jl = 9.5Hz, J2 = 5.4Hz. J3 = 2.5Hz. Hl01 m), 2.27-3.19 (complex m, 7H), 
3.62 (4. J = 7.1H2, 
(B): 180 (Ht. 

1H). and 4.40 (dd of d, Jl = 4.2Hs, J2 = 2.5Hz, 53 = 1.3Hs. 1H. CFH)t HB. m/e 
32), 162 (SS), 134 (73). 121 (SO), 107 (30). 92 1.55). 91 (65), 83 (loo), 79 (71). 77 

f52)* 66 (86). 55 (981, 53 (77). 41 (54). and 39 (63). e. calcd. for C10H1203X c, 66.65r H, 
6.71. Found: C, 66.75; ii. 7.051. 

iii) the exo-aldol 11 (0.876 g) in 18% yield, as colorless crystals, m.p. 144-145OC. IR 
(CliCl3): 3600,?450. 2950, 1740. 1400, 1170, 1090, and 1010 cm-1, 1H NMR 2OOHHz (CLXl3): 0.94 
(half part of an AB system, Jl = 6.9Hz. J2 = 5.2Hz. J3 = 1.8Hz, lHID e), 2.01 (half part of an 
AB System, Jl = 6.9Hz. J2 = 3.2Hz. J3 = l.OHs. HlO' E), 2.1-3.3 (complex m, 7H), 3.70 (q. J = 
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5.5HZ. 1H). 4.46 (d of t. Jl = 1.8Hz. J2 = J3 - l.OHs. 1H. CEOH): MS, m/e (%): 180 (n+, 23), 162 
(10). 134 (8J, 121 (7). 98 (14), 91 (12). 83 (52). 82 (100). 66 (15). 5534), and 41 (22). & 
calcd. for ClOHl2O3: C, 66.65~ H, 6.71. Pound: C. 66.821 H, 6.92). 

8) In a similar operation (starting fmnu 5.67 g of ketoaldehyde 9), in which the reaction 
time was lenghtened for 10 days, besides the acetal 12 (0.484 g, 8% yield) and the mixture of 0~x0 
and endo aldolr), 10 and 11 (1.423 g. 37% yield), a third aldol 17 (X =0H) (0.134 g). m.p. 206- 
208OC (fxmm ethyl acetatej va6 isolated in 3). yield. IR (CRCl3Jt 3450, 2960, 1750. 1410. 1160, end 
1070 cm-l, 1~ NMR 200 MHz (COC13): 1.69 (half part of an AB system, Jl = 12.414s~ 32 = 11.3H2, J3 = 
3.4Hz. J4 = 1.7Hx. Hl0). 2.06 (half part of sn AB system, Jl - 12.4Hz. J2 = 6.ZHa. J3 = 2.8Hs, J4 
= l.lHs, Hl01). 2.24-2.98 (complex m, 9H). 4.02 (dd of d, Jl = 11.3H2, J2 = 6.2Rr. J3 - 4.5Ht, lH, 
CzOH)r MS, m& (t): 180 (n+, 3), 153 (0.3). 138 (13). 121 (2). 102 (6). 91 (18J, 79 (21). and 60 
(100). s. calcd. for C10H1203: C, 66.65~ H, 6.71. Foundr C, 66.30~ H, 7.031. 

exe-and endo-9-Phsnylsel~otricyclo(5.2.1.04~~O)decan-2,5d~, - 15 3 16. 

A) A mixture of the aldols 10 and 11 (2.4 g, 13.5 maol) vas dissolved in dichloromethane (100 
ti). triethylemine (3.6 mL) added and, under stirring and cooling by means of an ice bath, metha- 
nesulfonyl chloride (2.39 mL, 30.6 asaol) vas added dropvise. The reaction mixture vas stirred at 
O°C for 5 h, in the dark, and then diluted vith dichloromethane and vashed with 21 HCI, saturated 
sodium bicarbonate and saturated sodium chloride solutions. The organic layer was dried and the 
solvent evaporated under vacuum to afford a crude material (6.70 gJ that vas used for the next 
operation (see B). 

For the spectroscopic characterization of the methanesulphonates. 13 and 14. a similar opera- 
tion starting from 0.630 g of ketoaldehyde 9 was performed. The methanesulfonatas Yore prepared 
from the crude mixture of aldols and using pyridine as the base; purification by colusm chromato- 
graphy on silica gel (15 g) gaver 

i) acetal 12 (0.034 g) in 5t overall yield from ketoaldehyde 9. 
ii) endo-msthanesulfonste 13 (0.106 g), coloaless crystals, m.p. 133-134OC , in 17t overall 

yield. IR(CHCl3)r 3020. 2960, 1750, 1350. 1180, 950 and 900 cm'lt 1~ NMR 200 MHz (COCl3Jr 2.0-3.4 
(complex m. 9H), 2.95 (a, 3H), 3.75 (q. J = 9.6Hs, 1Hf. 5.36 (d of t. 31 = 6.4&z, J2 = J3 = 3.2Hz. 
fH. Cg.503CH3)1 HS. II+ ft)r 258 (H+. 3). 179 (0.8), 162 (100). 136 (53), 135 (53). and 120 (SO). 
Anal. calcd. for CllH1405Sr C, 51.16j H. 5.43. Foundr 51.111 H, 5.369. 
- iii) exo-methanesulfonate 14 (0.054 g), colorless crystals, m-p. 185-186°C (9t overall 
yield). IR(CHCl3): 3030, 2960, 1750, 1360, 1110, 960, 920, and 850 cm-l, lH NMR 200 f4Hs (CDCl3)r 
1.08 (dd of d, Jl = 14Hz. J2 - 12Hz, J3 - 4Hz. lH), 1.8-3.3 (complex m, 9H), 3.11 (s, 3H), 3.77 

(q. J - lOHz, iii), and 5.16 (d, J - 4Hs. C~O3SCH3); MS, m/e (t): 258 (M*, 4), 179 (3). 169 (19). 
160 (48). and 83 (100). Anal. calcd. for CllHl405Sr C, 51.16t H, 5.43. Found: 51.23t H. 5.45%. 

iv) methanesulfonatel? (X = OMs) (0.035 g). as colorlss6 crystals, m.p. 188-190°C (69 
overall yield). IR (CHC13)r 3015, 2970, 1750, 1360, 1170. 1010, 960. 920, and 840 cm-'r 'H NHR 200 
HHZ (CrlCf3): 1.9-3-O (complex m. 10H). 3.11 (6, 3H). 4.99 (dd Of d. Jl = 11.2Hx, J2 = 6.982. J3 = 
4.3Hx, C~O3SCH3 )I 13c NHR (d-acetone): 32.73 (t), 36.74 (d), 39.06 (q), 39.64 (t). 40.71 (d). 
47.45 (t). 53.63 (d), 55.70 (d), 75.90 (d), 211.94 (8). and 215.59 (8)) MS. m& (NJ: 258 (M+. lo), 
216 (7). 174 (17). 162 (17J, 138 (62), and 91 (100). w. calcd. for CllHl405S: C. 51.161 H, 
5.43. Foundt C, 51.19r H. 5,438. 

8) To (1 solution of diphenyl diselenide (4.22 g. 13.5 nmtol) in THF (100 mL), 50t aqueous 
hypophosphorous acid (7.13 g, 135 mmol) vas added and the mixture heated under reflux for 20 min. 
It vas than cooled at room temperature, diluted with benzene (400 a&), dried over magnesium 
sulphate, and filtered under an atmosphere of N2. 1.61 n-butyllithium in hexsne (18.6 mL, 29.7 

mnol) was introduced via syringe, the mixture stirred at room temperature for 10 min. and a 
solution of the mixturof crude methanesulphonates (6.7 g) in THF (20 mLJ va8 then added. and 
stirring continued for 5 h. The reaction mixture vas washed with saturated ammonium chloride 
solution, dried, and the solvents evaporated under vacuum. The resulting crude material (6.9 g) 
that was chromatographed on silica gel (120 g) to afford tvo fractions: 

i) exe-salsnide 15 (3.00 g). as a colorless solid, m.p. 138-139Oc (709 overall yield from 
aldols). ~fKSr)t 2960, 2820, 1740. 1730, 1570, 1435, 1250. 1150, 1010. 730, and 690 cm-'? lH NsR 
200 MHZ (COC13)t 1.24 (dd of d, Jl = 14.7Hz, J2 = 12.2H2, J3 = 5.6Hz, lH), 2.06 (dd of t. Jl = 
14.7H2, J2 = 7.OHz. J3 - l.bHx, 1H). 2.0-3.4 (complex m. 7H), 3.65 (9. J = lO.OHs. apical H), 4.0 
(d of t, Jl = 5.6Hz. J2 = J3 - 1.4Hx, CgePh), 7.27 (m, 3H). and 7.52 (m. 2H)t 13C NMR (COCl3): 
37.95 (d). 39.85 (t), 40.57 (t), 43.19 (t), 43.93 (d). 45.34 (d. 2C). 59.30 (d), 127.77 (d). 
129.30 (d, 2C). 129.42 (8). 133.96 (d, ZC), 216.83 (6). and 218.42 (8); (45, m/e (%)I 320/318 (N', - 
7/4), 163 (19). 159/157 (g/6), and 135 (100). 

ii) endo-selenide 16 (0.299 9). as a heavy oily material. in 7% overall yield from the 
aldols. IR(CHCl3)r 3000. 2960. 1740, 1570, 1470. 1440. 1410. 11551 and 690 cm'lz lH NM? 200 Mlis 

(CDcl3)r 1.2 (t of d, Jl = lZ.OHz, J2 = J3 = 11.4Hz. 1H). 2.2-3.1 (complex m, 8H). 3.56 (9. J = 
10.8H2, apical H), 3.60 fdd of d, Jl = 12.Oiiz. J2 = 8.4Hr, 33 = 6.OHz. Ci&9ePh), 7.27 (m, 3X), snd 
7.55 (m. 2H)t MS. m> (\)t 320/318 (M'. 9/5J, 279 (1.7). 234 (ll), 180 (7). 162 (51), 135 (32), 
134 (loo), 119 (13). 105 (12). 95 (27). 85 (28). and 83 (50). 

Tricyclo(5.2.1.04~10)~-9_an-2.5-d~, 18. 

TO 6 stirred solution of sodium periodate (0.33 9. 1.54 mmol) in water (3 mb). the exo- 
selenide 15 (0.237 9. 0.74 mmO1). dissolved in methanol (13 mt). was added dropvise and the 
mixture stirzed at room tem&wrature for 1 h. A saturated solution of sodium bicarbonate vas then 
added, extracted with dichloromethane. the onganfc layer dried and the solve&s (IvaPOrat~ off, to 
give the conjugated ketone 18 (0.100 g) as a colorless oily material. in 83t yield. The analytical 
sample was prepared by t.1.c. on silica gel and eluting with s 3r7 mixture of hexanerethyl ace- 
tats. w (ethanol), Amax = 244.8 nm ( d = 1860)~ IR (CHC13)1 2940. 1735. 1720, 1620. 1435. 1400. 
1165. 1110. 980,,and 910 cm -1 1~ NM? 60 MHZ (~0~1~): 1.1-4.1 (complex m. 9H) and 6.4 (m. 1H)r KS, t 
m> (%)I 162 ((4'. 100). 134 (31)‘ 133 (18). 119 (34). 106 (27). and 105 (29). 
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exo-9-Ph~ylsel~tricyclo(5.2.1.04~10)decm-2.5-dione _, %(2,2-dimethyltrimethylene)ac.tal, 19. 

A mixture of the exo-selenide 15 (1.516 g, 3.62 smiol) 2-ethyl-2.5,5-trimethyl-1.3-dioxane 
(16.33 g, 103.3 -1). 2.2-dimethyl-1,3-propanediol (0.31 g. 2.98 sswl), and a few crystals of E- 

toluenesulfonic acid, was stirred at room temperature for 7 days. It was then diluted with benzene 

(100 mt). neutralized with triethylamine, dried, the solvents evaporated under vacuum, and the 
excess of 2-ethyl-2,5,5-trimethyl-1,3dioxane eliminated under high vacuum. The rewlting residue 
was chromatognaphed on silica gel (65 g) to afford the bis-acetal 19 (2.147 g), as colorless 
crystals of m.9. 130-133°C.in 92% yield. IR (Ccl,): 2960, 2870. 1470, 1400. 1340, 1220, 1110, 
1020, 1000, 910, and 700 cm-li 1H NNR 200 NIie (CLC13): 0.84 (s, 3H). 0.93 (6, 3H). 0.99 (8, 3H). 
1.03 (a, 3H). 1.2-3.0 (complex m, 10H). 3.5 (m, 9H). 7.27 (m, 3H). 7.59 (m. 2H); NS, m/e (%)t 492- 
490 CM+, 0.6/0.4), 335 (100). 269 (5). 249 (12). 205 (6). 163 (37). and 135 (63). Gcalcd. for 
C26H3604Se: C, 63.53; H. 7.38. Found: C, 63.51; H, 7.40% 

Tricyclo(5.2.1.04*lO)dec-O-ene-2.5-dione -- _, *(2,2-dimethyltrimethylenne)acetal, 20. 

To a stirred solution of the bis-acetal 19 (2.085 g, 4.25 mmol) in dichloromethane (60 mL). 
COOled at -78OC. 85% NCPSA (1.056 g, 5.20 nssol) in the same solvent (25 mL) was added dropwise and 
the mixture stirred at low temperature for 2 h, the reaction being monitored by t.1.c. It was then 
poured into refluxing CCl4, in which diethylamine (1.6 mu) had been previously added, and the 
reflux was continued for 30 min. After cooling at room temperature the reaccibn mixture was washed 
with 21 HCl and saturated solution of sodium bicarbonate. The organic layer was dried, the sol- 
vents evaporated off and the residue chromatographed on silica gel (60 g) to afford the olefin 20 
(1.359 g), as a colorless solid. m.p. 122-125OC. in 96% yield. IR (CC14): 2960, 2860. 1470, 1400, 
1335, 1310, 1120. 1110, and 1090 cm-12 1~ NMR 200 l4Hz (CDcl3): 0.83 fs, 3H). 0.93 (6, 3H). 0.95 
(s. 3H). 0.99 (6, 3H). 1.1-3.1 (complex m, 8H). 3.5 (m. 8H). 5.54 (half of an AB system. Jl - 
5.4Hs. J2 ‘J3 - 1.8Hz. 1H). and 5.80 (half of an AN system, Jl - 5.4Hr. J2 - J3 - 1.8Hs. 1H); NS, 
m& (01 334 (El+, 20). 319 (5). 268 (5). 255 (3). 248 (5). 219 (42). 205 (6). 192 (7). 179 (12). 
154 (39). 141 (52). and 128 (41). Anal. calcd. for C20H3004: C, 71.82; H, 9.04. Found: C, 71.70; 
H, 9.24%. 

HvdroborationJOxidation of 01efin 20: _-- exe-&Hydroxy- and exo-9-Hydroxytricyclo(5.2.1.04~10)de- 
cane-2.5-d. _ bis(2,24imathyl-trimethylene)acetal, 22d 21. 

- 
- 

To a solution of the olefin 20 (0.125 gr 0.37 m11101) in THF (2 mL), COOled at ooc, 11.9n 
BH3.SMa2 Complex (40 L, 0.48 smwl) was added via syringe and the mixture stirred for 4h. It was 
than hydrolyzed with water (2 mL),. 30% hydrogenparoxide (0.5 mL) added. and the mixture stirred 
at 40°C for lh. The aqueous solution was saturated with sodium chloride and extracted several 
times with ethyl acetate. The organic solution was dried and the solvent evaporated off and the 
resulting crude material (0.160 g) was chromatographed on silica gel (10 g) to give, in a 92% 
overall yield, the two monohydtoxy derivatives in a relative ratio of 40r60: 

i) the exo-9-hydroxy derivative 21 (54 mg), as a colorless solid. m.p. 217-218OC. IR (CC14): 
3600, 2940, 2060, 1470, 1390, 1360, 1330, 1215, 1100, 1060, 1020, 990, and 900 cm-l, 1~ NMR 200 
NH?. (COC13): 0.88 (8, 3H). 0.90 (a, 3H). 1.01 (8, 3H). 1.04 (8, 3H). 1.1-2.6 (complex m, 8H). 2.72 
(q. 1H). and 3.0 (q. 1H)r Ms. rnh (8): 352 (M+, 6). 337 (1). 335 (1). 334 (1). 324 (1). 284 (1). 
266 (24). 154 (59), 141 (38). 128 (61). and 69 (100). u calcd. for C20H3205z C, 68.151 H, 
9.15. Found: C, 67.961 H, 9.34%. 

ii) the exo-8-hydroxy derivative 22 (79 mg), as a colorless solid, m.p. 183-186OC. IR (CC14): 
3620, 2950, 2830. 1470, 1400, 1340, 1210, 1110, 1015, 990. and 900 cm-l, 1~ NNR 60 NIis (CDC13)r 
0.80 (8, 3H). 0.83 (8. 3H). 1.5 (8, 6H). 1.2-3.2 (complex m. 10H). 3.4 (m, 8H). 4.15 (m. 1H. 
CEOH 1, Ms. m/e (8): 352 (Hi, 23). 337 (9). 334 (11). 267 (9). 265 (11). 255 (9). 248 (20). 237 
(55). 179 (36). and 167 (100). 

Oxidation of the exo-9-hvdroxy derivative 21: Tricycle (5.2.1.04*10)decane-2,5,9-trione A (2,5)bis- - 
(2.2-dimethvltrimethvlene)acetal. 23. 

A solution of the exo-hydroxy derivative 21 (0.120 g. 
was cooled at OOC, and Gidinium chlorochromate (0.134 g, 

0.48 sssol) in dichloromethane (10 mL) 
0.62 sxeol) and celite (0.140 g) ware 

added, and the mixture stirred at room temperature for 12 h. The reactIon mixture was then diluted 
with ether (50 mu) and the organic solution separated from the insoluble chromium salts which were 
thoroughly washed with ether. The combined ether extracts wera filtered through silica gel, the 
solvent evaporated off, and the residue (0.100 g) purified by colurrm chromatography on silica gel 
(5 g). to give the monoketone 23 (84 mg), as colorless crystals, m.p. 226-228O. in 71% yield. IR 
(CC14)' 2920, 2830, 1725, 1450, 1305, 1290, 1200, 1100. 1080, 1000, and 880 cm-l, 1~ NNR 200 MHz 
(CDCl3): 0.87 (8, 3H). 0.88 (8. 3H). 1.05 (8, 3H). 1.07 (s, 3H). 1.5-3.3 (complex m, 10H). and 3.3 
(m. 8H)r 13C NNR (CDCl3): 22.2 (q, 2C). 22.5 (q, 2C). 29.9 (8. ZC), 32.2 (d). 39.0 (t), 41.5 (t). 
43.3 (d). 46.6 (t), 47.4 (d), 54.7 (d), 71.0 (t), 71.7 (t), 72.8 (t), 72.9 (t), 109.7 (s), 109.8 
(s). and 216.9 (8); NS, mb (a): 350 (N+, 41). 335 (7). 322 (21). 281 (38). 265 (8). 235 (59). 209 
00). 179 (13). 167 (13). 128 (48). and 41 (100). s. calcd. for C2OH3005: C. 68.54: H, 8.63. 
Found, C, 68.83; H, 8.63%. 

Oxidation of the exo-8-hydroxy derivative 22: _- Tricyclo(5.2.1.04~10)decane-2.5,8-trione, (2.5)- 
bis(2.2-dimethyltrimethylene)acetal, 24. - 

A solution of the exo-8-hydroxy derivative 22 (79 mg, 0.26 llmol) in dichlorcmethane (5 mL) 
was cooled at O"c, and Kidinium chlorochrcmate (0.100 g, 0.46 innol) and celite (0.115 9) were 
added, and the mixture stirred at room temperature for 6 h. The reaction mixture was then diluted 
vith ether (50 mL) and the organic solution separated from the insoluble chromium salts which were 
thoroughly washed with ether. The combined ether extracts were filtrated through silica gel, the 
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solvent evaporated Off, and the residue (65 mg) purified by colusm chromatography on silica gel 
(5 g). to give the monoketone 24 (73 mg), as colorless crystals, m.p. 174-176°c, in 938 yield. IR 
(CC14): 2950, 2860, 1740, 1460, 1390, 1340, 1110, 1100, and 1020 cm-lr 1~ NHR 200 MHz (CCC13): 
0.91 (a, 3H). 0.96 (a. 3H). 0.966 (s, 3H). 0.974 (6, 3H). 1.9-3.0 (complex m, 9H). 3.2 (m, lH), 
3.38 (half of an AB system, JAB - SHs, 2H). 3.40 (half of an AE system, JAN - Siiz, ZH), 3.49 (8, 
2H). and 3.54 (s, 2H); 13C NNR (CDcl3): 22.34 (9). 22.42 (9). 22.51 (q), 22.54 (q), 29.90 (a). 
29.97 (a), 32.74 (t), 35.99 (t), 39.12 (t), 42.27 (d), 46.04 (d), 46.07 (d), 48.12 (d), 71.45 (t), 
71.61 (t), 72.57 (t, 213). 109.15 (6). 110.28 (a), and 220.73 (a); NS, m/e (8): 350 (Ht. 17). 335 
(1). 322 (0.3). 294 (6). 264 (4). 234 (6). 167 (11). 154 (35). 12870). and 41 (100). Anal -* 
calcd. for C20H3005: C, 68.54; H, 8.63. Found: C, 68.59: H, 8.76%. 

TaicYclo(5.2.1.04~10)deoana-2,5,S-trione 4. A 

To a solution of ketone bis-acetal 24 (0.31 g, 0.88 sssol) in THP (20 mL), 2H HCl (10 mL) was 
added and the mixture stirred at room temperature for 48 h. It was then neutralizad with sodium 
bicarbonate, the tvo layers separated and the aqueous one extracted several times with ethyl 
acetate. The combined organic extracts ware dried and the solvents evaporated off to afford the 
monoacetal 25 (0.220 g) in 94% yield, which was converted by further acid hydrolysis to the trione 
4 as described in a previous cosxsunication.1 

X-Ray diffraction analysis of compound x.-Crystal data. 

Compound 10: C10H1203' % - 180.2, monoclinic, a - 11.501(3), b - ll.SSS(3). c - 6.259(2) i, 
fl- 97.;7(2)O, V - 646.9(57) t3, - 1.413 g cm-3, 2 - 4. 
0.71069 A,C(- 1.12 cm-l. 288%. 

P2,/n. 0, ~(000) - 384,. X(74o ~ - 

A prismatic crystal (0.1 x 0.1 x 0.15 mm) was selected and mounted on a Philips PW-1100 four 
circle diffractomater. Unit-call parameters were determined from 25 reflections (4 ( 8 ( 12O) and 
refiend by leest-squares method. Intensities wera collected with graphite monochrcmatited No h 
radiation, using the w-scan technique, with scan width O.S" and scan speed 0.03°s-1. 1349 inde- 
pendent reflections were measured in the range 2 ( 84 2S"; 1238 of which ware assumed as observed 
applying the condition I & 2.5 u(1). Three reflections wera measured every two hours as ooienta- 
tion and intensity control, significant intensity decay was not observed. Lorentr-polarization, 
but not absorption, corrections ware made. 

The structure was solved by direct methods, using the NULTANS4 system of computer programs1o 
and refined by full-matrix least-squares, using SHSLX76 program.11 The function minimized was 

z(.QlIFol - IFcl I 2n where Y - ( U2(Fo) + 0.014 lF0)~)-1. All hydrogen atoms were located from 
a difference synthesis and refined with an overall isotropic temperature factor and anisotropical- 
ly the remaining atoms. The final R values was 0.056 (wR - 0.060) for all observed reflections. 
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