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Absbact: Orgarwmetallic reagents add regio- and stereoselectively f the convex cxeface to the carbonyl 
function of exo-4,S-epoqmkyclodecenones 2 and 4 to give tricyclic exo-epqycndo-alcohols 6 and $ 
respectively. These initial adducts CM undergo a Payne rearrangement to give inverted endo-epoxy- 
exe-alcohols 2 Md IJ, respectively. The rearrangement is dependent on substrate, experimental conditions 
and type of organometallic reagent. Reakction of 6 and 2 with lithium alumituan hydride yields the same 
tricyclic trans-I$-diols 2J. It is shown that reduction of 6 with lithium aluminum hydride proceeds via slow 
Payne rearrangement of its alkoxide m to inverted alkoxide m followed by rapid adaWon of hydride to C, 
from the exo-face. 

INTRODUCTION 

The use of en&- and exe-tticyclodecsdienones 1 as synthetic equivalents for cyclopentadienones in the 
stereo- and enantioselective synthesis of cyclopentenoid natuml products is well documented’. The steric 
restrictions imposed by the tricyclic framework ensure that reagents add to the enone moiety in 1 
stereoselectively from the convex exe-face’**. Cyclorevers’o 1 n 0 f the functionalized tricyclodecenones by flash 

vacuum thennolysis (FVT) leads to stereochemically well-defined cyclopent-2-en-l-ones 2 (Scheme 1). In 

Scheme 1 
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eXO-1 (X= CH,, 0) 
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order to obtain access to oxygenated cyclopentenones, tricycllc epoxy ketones 2 and 4 were prepared by 
regio- and stereoselective epoxidation of the enone moiety in endo- and ezo-1, respectively, by tn%Wnt with 
hydrogen peroxide in alkaline rnedlum. These epoxy ketones were successfully used in the synthesis of cis- 

and ~~~,5-dihydroxycyclopent-2-en-lsnes, such as ten6n~~c, pentenomycMb and epi-pentenomycinldf. 

To broaden the synthetic applicability of these tricyclic epoxides, we studied the nucleophilic addition of 

metal hydrldes and oqanometallic reagents to both endo- and exe-tricyclodecadienone epoxides 3 and 4 (X= 
CH2. R= H). These tricyclic epoxy ketones possess a carbonyl and an epoxy function and, therefore, reaction 
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may occur at either functionality. A main factor dete&ning the chemo- and stereoselectivity of nucleophilic 
additions to these rigid tricyclic epoxy ketones is the accessibility of the respective electrophilic centers. 
Nucleophilic additions to the ketone function in 3 from the concuve face will on one hand be sterically 
hindered by the Cs-C, double bond, while on the other hand approach from the convex face of the molecule 
may experience serious interference of the epoxide function. A similar situation is encountered in 
exe-hicyclodecadienone epoxide 4 (X= C!H$, where the concave face is shielded by HV,, of the Cl0 
methylene bridge. ln this paper, we report on the chemo- and stereoselective reaction of metal hydrides and 
organometallics with the exo-epoxytricyclodecenones 5 (i.e. 3 (X= C!Hz. R= H)) and @ (i.e. 4 (X= CH2, R= 
H))z3. 

ADDITION OF ORGANOMETALLICS TO EXO-4,5-EPOXYIRICYCLODECENONES 

Results 

In order to establish the steric and electronic factors that determine the chemo- and stereoselectivity of 
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Table 1. Addition of Metal Hydrides and Organometallics to exo-4.5~Epoxy-en&tricyclodecenone 5. 

entry reagent product composition* AEb 

1 LiAlH4 loo%& --- a= + 1.0 

2 NaBH4 84% $8 16% 7p + 1.0 

3 MeLi 86% & 14% 7b + 2.0 

4 n-B&i 70% & 30%& + 2.5 

5 s-BuLi 24%ad 76% ad i4.4iS.l = 

6 f-BuLi _-- tic 100%~ + 5.6 

7 PhLi 100%6f ---- 3” + 5.0 

*bycqillaryOCoftheaudemixtlnelftermehour,excrpcatrial~houn)md2O&ys); b(Mhl2-SyofllJ- 

(MM2-etqyoflZJinlruvmol; ‘not formd; *1:13mixhueofhvodiutaannsnwithR-rcsp.vm 

at the stemgmic center of the s-Bu sutituent : ’ R- md Sconfiguntion on set-butyl goup. 

Table 2. Addition of Metal Hydrides and Organometallics to exe-4.5-Epoxy-ew-tricyclodecenone 8. 

entry reagent product composition ’ AEb 

1 LiAlH4 

2 NaBH4 

3 MeLi 

4 n-B&i 

5 s-BuLi 

6 r-BuLi 

7 PhLi 

65% 98 28%m= 

71%b9a 29% m 

100%~ ---- m* 

____ sC* lOO%l& 

____ Wd 100%~= 

___- se* 1OO%l&Z 

74% _M 26% m 

- 1.5 

- 1.5 

+ 1.2 

+ 1.6 

+ 3.4J4.0 f 

+ 3.8 

+ 3.8 

‘byc~llllly GcofthecNdemixhlle afwonchow, exceptumy 2 Qdays); b(?b4hl2ulqyofl3J - &lhi2-mlgy 

of~inkclVmo1; C7%2la; *notfcmdi c 1:1.4mixanaoftwodi~tereanaswithR-nsp.S~~~Itthe 

stereogcnic cents of the s-Bu substituat; ’ R- md S-mnfi~uruion on set-htyl goup. 

nucleophilic additions to exe-4,5epoxy-endo-tricyclodecenone 3 and exo_4,5epoxy_exo-tricyclodecenone 8, 
reactions with a selection of metal hydrides and organolithium reagents with different steric and electronic 
properties, viz. NaBH4, LiilH.+, MeLi, n-BuLi, s-BuLi, r-BuLi and PhLi were investigated. 

Reaction of 5 and &I, under standard conditions (c$ experimental section; tetrahydrofuran, Na, 1 hour), 
with both metal hydrides and the organolithium reagents gave in all cases one or two a&epoxy alcohols 
(Schemes 2 and 3 and Tables 1 and 2)4. Isolated yields were excellent (>80%), but loss of some alcoholic 
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product had to be accepted during pmificadon by flash chromatography. Based on their spectral data (vi& 
@?a) the products were assigned struchnes $, 2,9 and U, respectively. Monitoring the product formation by 
cap. GC revealed that the exe-epoxy-en&alcohols 6 and % respectively, wem the initial products in all cases, 
irrespective of Ftagent or substrate used. No products resulting from addition from the concave en&-face in 5 
or S were found, showing that the initial addition step occurs chemo- and stereoselectively at the convex 
exe-face of the carbonyl function. The formation of the inverted endo-epoxy-exo-alcohols 2 and l0, 
respectively, is related to both the natme of the applied nucleophilic reagent and the conQuration of the 
tricyclic epoxy ketone used. Starting fmm en&aicyclodecenone epoxide 3 complete inversion of initially 
formed 6 was only observed when t-butyllithium was used. In all other cases only partial inversion took place 
when the mixture was stirted for one hour (Table 1). For the reactions of exe-tricyclodecenone epoxide 8 
complete inversion was observed for all butyllithium reagents (Table 2). Comparison of the experimental data 
collected in tables 1 and 2 indicates that (i) increasin gthestericbullrofthealkylgroupRleadstoanincrease 
in the formation of inverted epoxy alcohols and (ii) exe-epoxy-en&-alcohols & derived from 
exe-tricyclodeccnone epoxide & undergo a more efficient rearrangement to isomeric en&epoxy-ewalcohols 
than the exe-epoxy-en&-alcohols 6. derived fmm en&-aicyclodecenone epoxide 2. Remarkably, addition of 
phenyllithium to 5 did not lead to any significant formation of inverted epoxy alcohol 7f_ whereas for S partial 
formation of 1ot was observed. 

The use of extrem long reaction times did generally not lead to other prcxlucts or complicated mixtures. 
Only for the reduction of 3 and 8 with lithium aluminum hydride-, formation of a thini reaction product was 
observed after more than 3-4 days and using 5-10 equiv. of hydride (vi& b&a). 

Structural assignments 

On the basis of their spectral data. the secondary products were identified as inverted endo-epoxy- 
exe-alcohols 2 and @, respectively. In particular the presence of a resonance at co. 3.8 ppm in the ‘H-NMR 
spectra of 7b_f and 1ob-I, which is typical for a methine proton in a -C(H)OH- moiety, allows unambiguous 
distinction between these inverted epoxy alcohols and their non-inverted analogs *f and 9b_f, respectively. 
For the reduction products & and %I_ differentiation of the isomeric products was accomplished on the basis 

of the coupling constants between Hz and HP Acceg to the Karplus rule, Jas is expected to be larger for 
$g than for the inverted epoxy alcohol 7a_ because for & protons HZ and H3 are in a fixed c&configuration, 
whereas for 7p the comparable protons are in a fixed trans-configuration. The same holds for a comparison 
between structure $g and 1Qe. The expected difference in coupling constants was indeed observed, viz. 
JZ3(6a)=7.6 Hz, J&9&=2.2 Hz, Jy(9a)=7.8 Hz and JU(10a)=3.8 Hz. 

Discussion 
The exclusive formation of en&-alcohols 6 and 9 as the initial addition products clearly demonstrates 

that nucleophilic addition of such reactive species as organolithium compounds to tricyclodeeenone epoxides 
5 and 8 is solely detumined by the steric impact of the n&ornene moiety. Apparently, the e.zo-4,5-epoxide 
function does not hamper this nucleophilic attack from the convex face. In this respect the stereochemical 
pathway observed for nucleophilic additions to both tricyclic epoxides 3 and @ conforms to that observed for 
nucleophilic additions to the corresponding parent tricyclodecadienones~. 
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THE PAYNE REARRANGEMENT 

Mechanistic considerations 

The formation of et&-epoxy-exe-alcohols 2 and @ as secondary reaction products upon addition of 
metal hydrides or organolithium compounds to 5 and S, respectively, can be explained by assuming an 
intramolecular epoxide ring opening of the initially formed endo-alkoxide anions fl and l3, to give 
exo-alkoxide anions 12 and u, respectively (Scheme 4). Such an epoxide migration or Payne rearrangements 

Scheme 4 
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is well documented for acyclic epoxy alcohols, but has not yet been described for a&epoxy cyclopentanols. 
The product ratio of such rearrangements is generally assumed to be determined by the relative stabilities of 

the isomeric a&epoxy alkoxides. Therefore, steric and electronic factors should have a significant effect on 

the ratios a:Z and %lJ. In the initially fotmed e.xo-epoxy-endo-alcohols 6 and 2, the newly huroduced R is in 
a sterically unfavorable eclipsed conformation with respect to the epoxide function. MM2-Calculations6*7 
confirm that steric congestion in inverted products 7 and u is considerably less than in 6 and 2, and therefore 
endo-epoxy-exe-alcohols 2 and @ are thermodynamically more stable than e.xo-epoxy-en&alcohols 6 and 2, 
respectively (Tables 1 and 2). Formation of e&-epoxy-exe-alcohols 2 and B is, for R#H, also electronically 
favored as secondary a&oxides are generally more stable than tertiary ones. Both considerations am in 
agreement with the observed increase in the amount of inverted endo-epoxy-exe-almhols 2 and &I with 
increasing steric volume of R. 

In order to establish whether the observed Payne rearrangement of a&epoxy alcohols is an equilibrium, 

all four a&epoxy alcohols 6, z, 2 and u were treated with lithium diisopropylamide to give their 
corresponding alcoholates 11,12.13 and u. Of these alcoholates the exe-epoxy-e&-isomers, viz. u and @. 
rearranged to 12 and l4, respectively, whereas e&&epoxy-m-isomers &J and &j were stable under these 
conditions. This means that, although it stops at a certain ratio of inverted and non-inverted products, the 
Payne rearrangement is not an equilibrium. The reason for the rearrangement not to proceed beyond a certain 
point remains unclear at this moment. 

Manipulation of product ratios 

From a synthetic point of view, product control in the nucleophilic additions to 3 and @ is essential for 
future synthetic applications and therefore a more detailed study of the methylation of epoxy ketone $, was 
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undertaken. 
An important factor which could stmngly affect product ratios in the Payne rearrangement is the 

nucleophilicity of the oxygen anion in alkoxides 11. and p. Strong aggregation or complexation with its 
positively charged counter ion, e.g. the lithium cation, will considerably decmase the nucleophilicity of this 
alkoxide anion and consequently lower the ease of intramolecular epoxide ring opening. Attempts to control 
the Payne rearrangement were therefore aimed at affecting the interaction between both ions, e.g. by changing 
themetalofthe qanometallic or by adding a salt to change the dielectric properdes of the medium. 

Table 3. Effect of the Reaction Medium on the Addition of Organometallics to 3. 

product composition b 

solvent reagent time” IX! 7b 19 

tCtdl)X.&OfUriUl MeLi 4 47% 53% c __- 

ether MeLi 10 49% 35% 16% 

tetrahydrofuran / LiCl d MeLi 4 57% 43% c ____ 

tetrahydrofuran MeMgl 3 c lCMI% c _-_ -- 

Changing the solvent from tetrahydrofurau to ether altered the ratio of &:a only slightly, although it did 
affect the product composition. Besides @ and D a third pmduct, to which, on basis of spectral evidence and 
independent syntbesislk, structure j!j was assigned, was isolated in low yield (Table 3). Scrutinixing this 
reaction showed that 19 is a secondary reaction product since it is definitely absent after the addition of 
metbyllithium is complete. Its formation is explained by the well-documented* rearrangement of epoxides to 
allylic alcohols by treatment with organolithium bases. Although these rearrangements generally proceed via 
a syn g-elimination, viz. abstraction of Hea at C, and formation of enolate kg, a competitive u-elimination, 
viz. abstraction of H, at C4 to yield l6_ fotmation of carbene 12 and finally a 1,Zhydrogen shift to enolate 
l5, cannot be excluded. Because S-elimination requires depmtonation at Cs from the sterically hindered 
concave face and because such a deprotonation will lead to an unstable 1,2-dianion intermediate, the 
rearrangement might even occur preferentially via u-elimination. For both mutes, work-up of the reaction 
mixture will lead to enol fi which, after ketonization, will rapidly eliminate water to form g-methyl-enone 
19. Convincing support for such an indirect mechanism comes from the observation that treatment of 
enantiopure (+)-3 with methyllithium in ether gave only (-)-l!J Based on the known absolute configurations 
of (+)-5 and (-)-Blk this result unambiguously proves that the tricyclic skeleton has changed configuration 
during this reaction as the result of a formal 13-shift of the carbonyl function. 
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Scheme 5 

Is 17 lo 

Page et f.zLS reported that the Payne rearrangement of a&epoxy alcohols is strongly affec@d by adding 
lithium chloride to the reaction mixture in tetrahydrofuran. They suggested that an increase of polarity of the 
solution would be responsible for this effect. In contrast to these observations, in the present case no 
significant change in the ratio of inverted and non-inverted products was found, when lithium chloride was 

added to the reaction mixture in various quantities, up to 4 equivalents. 
Better results were obtained when methylmagnesium iodide was used instead of methyllithium Under 

these conditions almost complete formation of inverted epoxy-alcohol a was achievtdp. 
The different effect of methyllithium and methylmagnesium iodide on the amount of inversion in their 

reaction with $ may be explained by their different Lewis acid character and the difference in nucleophilicity 
of the intermediate alkoxide anion bound to the respective metal cations. Being a stronger Lewis acid, 
methylmagnesium iodide is assumed to be superior in activating the epoxide function towards intramolecular 
nucleophilic opening as considerable complexation of the epoxy oxygen with the Grignatd reagent may 
OCCUT. 

The results of the addition of an organoxinc reagent to s in a recently published stereoselective synthesis 
of clavulones’s, show, however, that the Lewis acidity of the organometallic reagent alone is not sufficient to 
explain the observed results. Whereas the addition of act-2-ynyl magnesium bromide 

BrMgCH&X!(CHi)&Hs to 5 gave a complex mixture of products containing the corresponding addition 
products 6 and 2 (R: CH+C(CH~&H3), the addition of the less reactive zinc octynyl reagent. 
BrZnCH&=C(CH&ZH3 leads to non-inverted epoxy alcohol 6 (R: CH$3C(CH~4CHs) in almost 
quantitative yield. No inverted epoxy alcohol 2 (R: CH&=C(CH&CHs) was obtained at all, although the 
organoxinc reagent is a superior Lewis acid compared to the organomagnesium reagent. 
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REDUCTION OF EXO-EPOXY-ENDO-ALCOHOLS 

Reduction of cm-epoqtricyclodecenones 
The reduction of uicyclodecenone epoxides S and 8 with lithium aluminum hydride in tetrahydrofuran 

is a fast process leading to initial formation of epoxy alcohols & and !Ja, respectively. Only after prolonged 
reaction times these alcohols slowly tearrange to a and 1011, respectively (Tables 1 and 2). During this 
process, in both cases, the formation of a third product was observed, which was only isolated for the 
reduction of S. Based on its spectral data, this product was tentatively assigned 19-dial structure u. By 

5% H OH 

H 

a!?!! 

analogy we assume that the tertiary product in the reaction of 3 with lithium aluminum hydride is 1,3-dial 
a. The formation of these diols may be explained by rapid ring opening of the epoxide ring of a and m 
by hydride substitution at Cd, which is now readily accessible from the relatively unhindemd COMZ face of 
the molecule. In order to study this latter reduction process in more detail and to secure its regio- and 
stereochemistry, we subjected both epoxy alcohols 6l~ and 7b to treatment with lithium aluminum hydride in 
tetmhyd.tofuran. 

Reduction of epoxytricycbdecetwls 
On treatment witb lithium ahuninum hydride for four days, & gave tricyclic diol m in 54% yield 

together with 5% of a. hfore than 40% of the starting material was still present after this long reaction time. 
Under identical conditions, reduction of inverted adduct 7b was complete within 1 hour to give the same diol 
m in quantitative yield (Scheme 6). The low reactivity of @ as compared to B can be explained in two 

Scheme 6 

different ways (Scheme 7). Treatment of @ with lithium aluminum hydride will fast yield non-inverted 
alkoxide anion &&I. The necessary attachment of a hydrogen atom to C4 can now occur by two pathways, viz. 
(i) slow, direct hydride substitution of the epoxide function at the sterically crowded concave e&-face in 
u or (ii) fust a slow Payne rearrangement to m, followed by a fast hydride substitution of the epoxide 
function at the readily accessible convex m-face. Both mechanisms eventually lead to tricyclic diol 20b (X= 
H). Although the isolation of some inverted epoxide a after reduction of @J with lithium aluminum hydride 
strongly supports the latter mechanism, unambiguous prove for this pathway was obtained from a deuterium 
labeling experiment. From scheme 7 it can be deduced that when @ is treated with lithium aluminum 
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Scheme 7 

#)I, W= HI 
endo-4-D-m (X= D) 

1) x- 1 2) H,O 

2ob (X= HI 
exe-4-D-m (X= D) 

deuteride each mechanism will give a diol with different stereochemistry for the deuterium atom at C+. Direct 
substitution will lead to endo-4-D-2j& whereas Payne rearrangement followed by epoxide substitution will 
give exe-4-D-m. When $IJ was treated with lithium aluminum deuteride for one dayll, formation of a single 
deuterated diol was observed, whose spectral data were entirely identical to those obtained for the product 
arising from reduction of inverted epoxide n with lithium aluminum deuteride, i.e. exe-4-D-m. In order to 

unequivocally establish the position of the deuterium atom in exe-4-D-m, C4deuterated endo-epoxy alcohol 
24 was synthesized independently, starting from Cd-deuterated tricyclodecadienone alo (Scheme 8). Owing 

Scheme 8 

22 23 24 endoD-2OJ 

to the well-established stereochemistry of all conversions leading to deuterated e&o-epoxy-exe-alcohol 24 
the configuration of the deuterium atom in this compound is definitely exe. The product isolated from 
reduction of 24 with lithium ahuninum hydride (i.e. e&-4-D-m, exhibited a different ‘H-NMR spectrum 
as compared with exo4D-m. Themfore, it may be concluded that reduction of non-inverted epoxy alcohol 
& to diol m does not proceed through direct substitution at the epoxide function in @ but involves an 
initial Payne rearrangement of its alkoxide m to m, followed by regio- and stereoselective epoxide ring 
opening at C, in @. 
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SYNTHESIS OF ENDO-46-EPOXY-ENDO-TICYCLODECENONES 

Having attained good access to endocpoxy-exe-alcohols z, conversion of these alcohols in 
cotresponding tndo-epoxy ketones 2g- was considered (Scheme 9). These en&-epoxy ketones 

Scheme 9 

the 

are 

PCC I CHaCI, 
OH 

75% 0 

~R=hle mFt=Me 

synthetically interesting compounds as they, in contrast to exo-epoxy ketones 3, contain an epoxide function 
which is readily accessible from the convex face and therefore can probably be conveniently substituted with 
a great variety of nucleophiles. Oxidation of B with pyridinium chlorcchromate proceeded smoothly to give 
endo-4.5-epoxytricyclodecenone m in 75% yield. 

CONCLUDING REMARKS 

Metal hydrides and organolithium reagents add regio- and stemoselectively from the convex exe-face to 
the carbonyl function of parent exe-epoxytricyclodecenones $ and & The initial adducts, viz. 
e.xo-epoxy-endo-alcohols 6 and 2, can undergo an irreversible Payne rearrangement to give inverted 
endo-epoxy-axe-alcohols 2 and D, respectively. It was found that the product ratio is dependent on both the 
nature of the nucleophile and the reaction conditions. By using Grignard reagents instead of organolithium 
compounds complete formation of inverted endo-epoxy-exe-alcohols 2 was achieved. 

Reduction of exe-epoxy-endo-alcohols 6 and et&-epoxy-exe-alcohols 2 with lithium aluminum hydride 
both give rrans-13diols a. Deuterium Welling showed that reduction of 6 to 1.3-dial 20 proceeds via a 
slow Payne rearrangement of alkoxide fl to inverted alkoxide l2, followed by fast hydride substitution at C4 
of the endo-epoxide function. 

EXPERIMENTAL SECTION 

General remarks 
Melting points were measured with a Reichert Thermopan microscope and are unumected. IR spectra 
were taken on a Perkin Elmer 298 infrared spectrophotometer. ‘H-NMR spectra were mcorded on a 
Bruker AM-400, using TMS as an internal standard. For mass spectra a double focussing VG 707OE 
mass spectrometer was used. Flash chromatography was carried out at a pressure of ca. 1.5 bar, a column 
length of 15-25 cm and a column diameter of 14 cm, using Merck Kieselgel 6OH, unless stated 
otherwise. Elemental analyses were performed on a Carlo Brba Instruments CHNS-0 1108 Elemental 
Analyzer. All solvents used were dried and distilled according to standard procedures. 

General procedures 

A: Reactions of exo-evoxvrricv&decenOneS 5 and 8 with metal hvdriaks and ornatwmetaliic reagents 
Approximately 1 mmol of starting material is dissolved in 10 ml of dry ether or tetrahydrofuran and at 0 
“C and under a nitrogen atmosphere, 2 mmol of organometallic reagent is added. The resulting mixture is 
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stirred for 15 min. at 0 Oc and subsequently at mom temperature. The crude mixture is quenched with 
saturated aqueous ammonium chloride and then extracted with ether. The combined organic fractions are 
dried (MgSO4). filtered and the solvent is removed under reduced F, to give the crude product. 
Analytical sampks ate obtained by flash chromatography and/or crystalh&on. 

B: Reduction of WXY alcohols 6b. 7b and 24 with lithim ahunituun hvdride and lithium alwninum 
deuteride 
Tricyclic epoxy alcohol is dissolved in 10 ml dry tetrahydrofuran. A solution of lithium ahuuinum 
hydride in tetrahvdrofuran (1 ello0 ml) is added at 0 Oc and under a nitronen atmosuhem. The resultine 
mixture is stirred for 15 m&. 2 0 “C and subsequently at room temperatt&The ma&on is monitored bi 
cap. GC and the crude mixture is quenched with saturated aqueous ammonium chloride. The organic 
fraction is separated, washed with water and the aqueous phases am extmcted with ethyl acetate (3x). 
The combined organic fractions are dried (MgSO4). fAtered and the solvent removed under mduced 
pressure to yield the crude product. Analytical samples are obtained by flash chromatography and/or 
crystallization. 

exo4.5-Euoxv-endo-tricrcloicvclor5.2.1.~6ldec-8-en-3-oue 5 
Epoxidation of endo-uicyclodecadienone en&-l (7.2 g, 50 tnmol), following the procedure described by 
Chapmann and HessI gave, after work-up, 7.2 g (88%) 5 as a sticky, white solid (95% pure, cap. GC!). 
An analytical sample was obtained by crystalliition: The compouud is best stored in a nitrogen 
atmosphere, as its norbomene double bond is easily.~xuhzed by molecular oxygen. 
5: white powder (n-pentane). m.p.: 135-140 T. Ft. 3 m.p.: 136-139 “c]. ‘H-NMB (400 MHz, CDC13): 
8 6.08 A of AB (dd, Jas- -5.7 Hz, Jt,9=2.5 Hz, HI, 

H? J4 5=J5 6=1-g Hz, lH, H5), 3.25-3.23 (m, lH, H7), 3.2 
), 6.03 B of AB (dd, J, s’2.8 Hz, lH, H& 3.58 (t, 
(d, lH, H4), 3.11 (bs. lk, HI), 3.09 (t, Jt +.l Hz, 

IA, Hi), 2.77 (ddd, J 64.5 Hz, Ja 74.6 Hz, lH, H,& 1.62 A of AB (dt, Jt 
Jt 1o~J7 la,= . 

t(rz8.6 Hz, Jt &7 ~IWP. 
15H&I,HtolorHtc,) 1.46BofAB(d 1H HtchorH,4.1B(CHCl~:~3&-2820 

(C-H, &at. and sat.), 1735 (0) c&. EJh4S: m/e (4d) l& (12&P), !V (82,-GH:), 66 (lOO,~&+). 
Found: C 73.91, H 6.13 (talc. for Ct&&: C 74.06, H 6.21). 

exo-4.5-E~oxy-exo-ticvclo~5.2.1.~6ldec-8-en-3-one 8 
Epoxidation of .ero-uicyclodecadienone ezo-1 (6.1 g, 42 mmol), following the pmcedute described by 
Chapmann and Hess” gave, after work-up, 6.2 g (91%) S as a yellow oil (98% pute, cap. GC), which 
slowly crystallized. An analytical sample was obtained by crystallization. The compound is best stored in 
a nitrogen atmosphere, as its norbmuene double bond is easily epoxidized by molecular oxygen. 
g: white powder (n-pentane). rap.: 35-36 T. ‘H-NMB (400 MHz, CDC13): 6 6.29 A of AB (dd, J 9=5.7 
Hz, J, s resp. J7 s=3.2 Hz, lH, Hs or Hg), 6.22 B of AB (dd. Jt s resp. J7 
J4 5-J; h-l.9 & H-I, Hs), 3.55 (dd. J4 =0.9 Hz (Wcoupling) ‘1H H4) 

=3.0 Hz IH Hs or H,Y,) 871 (t 
3.06 (bs, iH H or H ) 2.98 (bs’ 

lH, H; or H7), 2.49 A of AB (d, J26=9.3 Hz, lH, Hz), 2.16 B’of dLB (dq, Js,7==1.5 &, IfI, H&‘l.40 A of 
AB (dt, JIo4 &.4 Hz, Jz,,,,,=Jat ~1.7 Hz, lH, H&, 1.30 B of AB (d, lH, HI 
3080-2840 (b--H, unsat. and sat.):?735 (C=G) cm-‘. WMS: m/e (96) 162 (2,M+), od 

. IR (CHC13): II 

(lOO,C$-Is+). Found: C 73.63, H 6.18 (cak. for CtcHtoOz: C 74.06, H 6.21). 
(2 l ,-CsHs), 66 

exo-4.5-Eooxv-endo-tricvclo~5.2.l.~~dec-8-en-endo-3-o1 6a and endo-4,5-enoxv-endo-m’flicvclo- 
~5.2.l.O?dec-8-en-exo-3-o17a 
Following general procedure A [tetrahydrofuran (10 ml), NaBQ (144 mg, 3.8 mmol), 3 days], 5 (168 
mg. 1.0 mmol), gave, after work-up, a crude mixture consisting of 84% @ and 16% 7p (cap. GC). After 
Bash chromatography (n-hexane:ethyl acetate = l:l), 129 mg (79%) &was obtained as a white solid and 
19 mg (12%) 7p as a colorless oil. An analytical sample of 6a was obtained by crystallization. 
Following general procedure A [tetrahyd&u.ran (10 ml),rAlH4 (112 mg. 3.0 mmol), 3 h], B (% mg. 
0.59 mmol). gave, after work-up, pure & (cap. GC). 
$8: white needles (petroleum-ether 40-60). m.p.: 115-l 17 ‘T. ‘H-NMB (400 MHz, CDC13): 8 6.25 A of 
AB (dd, Jag=5.7 Hz, Jt tesp. J7 s=2.4 Hz, IH, Hs or Hs), 6.10 B of AB (dd, Jt s tesp. J7 =2.9 Hz, 1H. Hs 
or Hg), 4.24 (d. J23=7.9Ha, 1H:H3), 3.23 A of AB (d, Jd5=2.1 Hz. 1H. H., or’Hs), 3.218B of AB (d, HI, 
& or H5), 2.96 (bs, 2H. HI and H7), 2.94 (dt, J=7.5 Hz and 3.8 Hz, 1H. Hz or Hs), 2.85 (dd. J=7.5 Hz and 
4.3Hx,1H.HzorH&1.64(bs,1H,0H),1.51AofAB(bd,J1 1 - -8.3 Hz, lH, H, or Ht ), 1.37 B of 
AB (d, lH, H,,,. or H,,,&. JB (C&Us): u 3720-3100 (H-boadd$O%. 3600 (free Oh. 31082820 (C-H, 
unsat. and sat.) cm-‘. EI/MS: m/e (%) 164 (18.M+), 147 (7&H), 98 (54,-C&), 81 (24,-C&,-GH). 66 
(lOO,C!~+). EBHBMS m/e: 164.0835 (talc. for C &It&& @I+): 164.0837). 
a: colorless oil. ‘H-NMB (400 MHz, C!DC13): 6 6.14-6.09 (m, W, Hs and Hs), 3.81 (t, JQ=J3.,=2.2 Hz, 
IH, H3), 3.45 (t. J -2.4 Hz, lH, 
Jz6=7.6 Hz, J,,=#Hz, 1H. &), 2.9 Y 

3.30 (d, 1H. Hs), 3.05 (bs, lH, H or H7), 3.01 A of AB (dd, 
ibs, lH, H, or H7), 2.29 B of AB (ddd, J,3=4.3 Hz, lH, H2). 2.17 
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(bs, lH, OH), 1.49 A of AB (dt, J =8.4Hz, J=1.8 Hz, 1I-I.H orH 
orH ) IR(CHCl W640-30~1&-bondedOH) 356O(frec&$ &282O(CH unsakndsat) 

1.33 B of AB (d lH, H,, 

cm-‘Y&MS: m/2 & 164 (l&f+), 98 (15,-C&), 8i (13,~C&-GHj. 66 (lOO,C$& EI/HRMs m/l: 
164.0835 (talc. for Cl,,Hlzt& (M+): 164.0837). 

exo-4,5-Eoaxy-ex~3~~l~~~~S.2.1.~6ldcc-8-cn-endo-3-ol 6b and endo-4.5-evoxy-exo-5- 
merhvl-endo-ni~clol5.2.1.~~&c-8-en-exo-3~l7b 
Followin general procedure A [telrahyd&uran (10 ml), 1.6 M MeLi in hexane (1.25 ml, 2.0 mmol), 1 
hl, rT (15% mg, 1.0 mmol), gave, after work-up, a crude mixture consisting of 86% 6b and 14% 7b (cap. 
GC). After flash chmmatography (chloroform:benzene:ethyl acetate = 4:1:1), & wc&ained aTwhite 
solid and 19 mg (11%) 7b as white needles. An analytical sample of & (120 mg, 67%) was obtained by 

un,- exo-3-n-B km-4 5- -e 
evoxwdwricwZo~5.2.1 .O@ldec-8~n-exo-3-o17c 
Following general pmcedum A [tetrahydrofuran (10 ml), 1.6 M n-BuLi in hexane (1.35 ml, 2.2 mmol), 1 
hl, 5. (142 mg, 0.88 mmol). gave, after work-up, a crude mixture consisting of 70% & and 30% z (cap. 
GC). After flash chromatography (n-hexane:ethyl acetate = 4~1). & was obtained as a white solid and 64 
mg (33%) a as a colorless oil. An analytical sample of & (100 mg, 52%) was obtained by 
CXpidliZatiOll. 

gig white needles (petroleum-ether 40-60). m.p.: 66-68 “C!. ‘H-NMR (400 MHz, CD(&): 8 6.30 A of AB 
(dd, Js9=5.6 HZ, Jtg RSp. J7 s=2.9 HZ, 1H. 
I&,), 3.18 A of AB (d, J =2.2 Hz, 1H Hs), 7 

or I-$), 6.15 B of AB (dd, Jt 9 resp. J7 
.lO B of AB (dd, J 

03.1 Hz, U-i, Hs or 

(bs, 2H, H1 and H7), 2.84’7A of AB (& J 6=7.9 Hz J 
=0.6 I& (W-c&kg) 1H I-J.,) 2 94 

=4.3 Hz 4h I-&) 2.52 B of AB (& 
1H, Hz). 1.71-1.31 (m, 8H. -(C&) CH : I&,, andI&,&. (bs: lg Oti), 0.93 (t, J 

J’ r4b I& 
:+j I& 3H’ 

-(CI-&Cj&). IR (CH&l2): u 37~3050 (H-bonded OH), 3590 (free OH), 3040-27~~~H, unsai and 
sat.) cm- . EUMS: m/e (%) 220 (5,M+), 202 (2,-H*O), 154 (9,-C&), 137 (26,~C&,;OH), 97 
(86,~C&,-n-Bu), 66 (lOO,C&+), 57 (lS,n-Bu+). EVHRMS mle: 220.1467 (talc. for C!t4HN02 (M+): 
220.1463). 
a: colorless oil. ‘H-NMR (400 MHz, CDCl3): 8 6.19 A of AB (dd, J8 -5.6 Hz, J7s=3.0 Hz, lH, H8), 
5.88BofAB(dd,J =3.OHz 1H &) 377(d J =3.2Hz,,lH,H) 3&S lIi,H,,) 297AofAB(dt 
J ,=10.5 Hz J =+!? Hz 1H’ H $ 2.62 ibs lk w ) 2.89 (bs lH3 ii j 2 8i B of Ah (dd. Js7=3.6 Hz: 
&I H6) 1 d-l?31 (m, 86 -(kHH$CH Hti anh H’ ‘) 1.55 (lk lk, &I)‘0 91 (t, J 
-(&I&&,). IR (CH$l& o 374Ok90 @I-bok?gkl OH) kO0 (fr& bH) 

cw3=7:1 Hz 3H, 
@& (C-H, u&at) 

3040-2780 (C-H, sat.) cm’t. EI/MS: mle (46) 220 (3O,M’), 203 (87,-OH),’ 178 (27&I-I& lig 
(72,-C&), 137 (lOO,-C&,-OH), 97 (59,-C&,-n-Bu), 66 (6l,C&+), 57 (27.n-Bu+). EI/HRMS tie: 
220.1465 (talc. for Ct4H&& (M+): 220.1463). 

exo-3-set-Bwl-exo-4.5-emuv-endo-tricvcio~5.2.1 .@$fec-8-encn&3-oZ 6d and exoJ-set-butyl-endo- 
4,5-eooxy-endo-triicvc1015.2.1 .WWec-8-en-exe-3-o17d 
Following general procedure A [tetrahydrofuran (10 ml), 1.4 M s-BuLi in hexane (1.55 ml, 2.2 mmol), 1 
hl, S (171 mg, 1.1 mmol), gave, a&r work-up, a crude mixture consisting of24% @# and 76% B (cap. 
GC). After flash chromatography (chlorofotm:benzene:ethyl acetate = 4:1:1), 57 mg (24%) @ was 
obtained as a white solid and 56 mg (23%) 3 as a colorless oil. An analytical sample of @ (38 mg, 
16%) was obtained by crystallization. 
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(~~.-C+J,WGH), 97 (60,-C 
“p 

,-s-Bu), 
EJ/HRMS m/e: 229.1463 (talc. or Ct4H 

79 (1 l,-C&,-s-Bu.-HsO), 66 (lOO.C&,+), 57 (37,.t-Bu+). 

76: colorless oil. ‘H-NMR (400 MHz, & 
(M+): 220.1463). 

1s): very complex, due to fast decomposition of this product 
to the exe-8,9-epoxide (by spontaneous epoxidation of the norbomene double bond by molecular 
oxygen”) and other, unidentified products. JR (C&Cl 
3060 (C-H, unsat.), 3040-2770 (C-H, sat.) cm-‘. E & 

: u 3740-3100 (H-bonded OH), 3600 (free OH), 

(63X5 
HZ 

-OH), 97 (74,- 
S: m/e (%) 220 (4,M+), 154 (15,-C.&), 137 

EVHRM ‘m/e: 220.1465 ( Z? 
K.-s-Bu), 79 (54.-C 

9 C. for Ct4H#2 @I+): 2 
,-s-Bu, -H20), 66 (lOO,Cs~+), 57 (97,s-Bu+). 
.1463). 

exo-5-tert-B~i-endo-45-eDoxvcndo-nicrv~5.2.1.~6ldec-8-en-exo-3-ol 7e 
Following general procedure A [tetrahydrofursn (10 ml), 1.7 M t-BuLi in hexane (1.20 ml, 2.0 mmol), 1 
hl. 5 (170 mg, 1.1 mmol), gave, after work-up, flash chromatography (chlorofonn:benzene:ethyl acetate 

(%) 220 (9,M+), 205 (25~CHs), 163 (28,-t-Bu). 154 (21&H& 137 (32,-C&,-OH). 97 
(93,~C&j,-r-Bu), 79 (33.~C&,-t-Bu,-H,O), 66 (lOO.C&+), 57 (80,t-Bu+). Found: C 75.74, H 9.04 
(c~c. for Ct4H2uOs: C 76.33, H 9.15). 

exWt.5~EDozY-exe-3-DhenvZ-endWricvclolS.2.1 .Os$dec-8-en-endo-3-01 6f 
Following general procedure A [tetrahydrofuran (10 ml), 2.0 M PhLi in hexane (1.05 ml, 2.1 mmol), 1 h], 
5 (170 mg, 1.1 mm~l), gave, after work-up, flash chromatography (Al&. chlomform:benzene:ethyl 
acetate = 4: 1: 1) and crystallization an analytical sample of 6f (13 1 mg, 50%). No If was isolated. 
@ white plates (petroleum-ether 4060). m.p.: 126.0-126.5TC. ‘H-NMR (400 MHz, CD&): 8 7.58-7.56 
(m, H-J, Kti), 7.38-7.35 (m, W, H,,,&, 7.30-7.26 (m, 1H. Herr), 6.43 A of AB (dd, J,,g=5.5 Hz, Jig 
=sp. J7,8=2-3 J-h IH, Hs or J-J& 6.21 B of AB (dd, Jt s resp. J7 s=2.9 Hz, lH, Hs or H& 3.38 A of AB 
(dd, J4~~2.l Hz, J4,@.6 Hz Wcouphng), lH, H& 3.32 B ofAB (d. lH, Hs), 3.12 and 3.06-3.02 (bs 
and m, 4H. J-Q, J-J , H6 and H7). 1.93 (s, lH, OH), 1.55 A of AB (dt, Jt tb=8.2 Hz, ~=1.5 Hz, lH, HIsa 
or Ht& 1.40 B o!AB (d. lH, Htb or HI&. JR (CHsCli): II 3700-3120&-bonded OH), 3580 (free OH) 
3100-2780 (C-H, unsat. and sat.) cm-‘. EJ/MS: mle (CRO) 240 (13,M+), 222 (8,-HzO), 174 (22,-c.&), 157 
(83&H&H), 146 (31,-C& .-OH), 105 (97, C&Go+), 77 (55,C&&+), 66 (lOO,Cs&+). Found: C 
80.07, H 6.78 (talc. for Ct&Jt6&: C 79.97, H 6.71). 

exo-4,5-EDoxv-exo-WicvcloicvcIo15.2.1.@6ldec-8-en-endo-3-ol 9a, endo-4.5-enozy-exo-tricvck?[5.2.1.@6]&c- 
I-en-exo-3-01 1Oa and exe-tricvclol5.2.1 .Wbldec-8-en-endo.exo-3,5-diol 21a 
Following general procedure A Detrahydmfuran (10 ml), NaBH4 (151 mg. 4.0 mmol), 3 days]. 8 (176 
mg. 1.1 mmol), gave, after work-up, a mixture consisting of 71% 9.8 and 29% m (cap. GC). After flash 
chromatography (n-hexaue:ethyl acetate = 
obtained as colorless oils. 

l:l), 82 mg (46%) $& and 32 mg (18%) m were both 

Following general pmedm A [teuahydmfuran (10 ml), LiAU-L, (136 mg, 3.6 mmol)]. s (177 mg, 1.1 
mnW, gave, after one hour, a mixture of 65% &28% 1op and 7% 21p (cap. GC). The reaction was 
continued for another three days to give, after work-up, a crude mixture consisting for 84% of 21a (cap. 
GC). After flash chromatography (n-hexane:ethyl acetate = 1:l) and crystallization an analytical sample 
of 2& was obtained as a white powder. 
@: COlorless oil. ‘H-NMR (400 MHz, CDCIs): 6 6.21 A of AB (dd, J, =5.7 Hz, Jt ,, resp. J7 s=3.1 Hz, 
lH, Hs or Hg), 6.12 B of AB (dd. Jt resp. J 7s=3.1Hz,lHHsor 
A of AB (dd, J45’2.2 Hz, J4,6=0.9 J& (w-coupling). lH, H4), 3.33 Y! 

) 4!2(d J =7:8Hz,lH’H) 350 
bf AB (d, lx, us), 2.91 cbs,‘lH,‘H1 
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or H7), 2.85 (bs, HI, Hr cr H7), 2.25 A of AB (dd, J 6=7.2 Ha. lH, Hi), 2.20 B of AB (dt, J7 =J 6==7.2 
Hx, IH, I-I& 1.81 (bs, lH, OH) 1.56 A of AB (2 Jr 1,,,=8.8 Hx 1H H ) 1.42 B d$ & (dt, 
J ,h=Je tti=1.7 Hz, HI, Ht,,$ IR’ (CH&l2): u 3700-31O&Hbonded bH) ‘36&&e OH) 3080-2820 
(&I, &at. and sat.) cm- . WMS: m/e (%) 164 (WV), 98 (9,-C&,), 81 (30,-C$-&OH), 66 
(lOO,C&+). EIRIRMS m/e: 164.0835 (cak. for C $I& (M+): 164.0837). 
m: cokrless oil. ‘H-NMB (400 MHZ, CDC@: d 6.14 A of AB (dd, Js 95.6 Hz, J =2.9 I-Ix 
lH,HsorI-L,),6.11BofAB(dd,J aresp.J,s-. 

resp J 
-2 9 Hx, 1H Hs or I$) $87 (bs 1H!*9H3). 3.7?!*A of AB 

(dd J =J p2.4Hz lH,I-&) 3.39bofAB(d,lH H) 2.80@s 1H I? orHj2.7& lH,H orH) 
2.36 i40f4h (dd, J’ =6.7 I& J=O.7 I-Ix, lH, H 6 I$) 208 (ds ii-I, &I) 71:64 B of AB cbdi, Ja.; 
Hx 1H H orI&) ?!35Aof&dt,J =9.! Ha J’ ‘=J&1.7 Ha, iH H 
ld H ’ ) ‘IR (CH&LJ: u 3700-3100 (I&& OH): 3# (free OH), 3100-2&0’( 

1.25 B of AB (d, 

cm-l. &MS: m/ 
?! IH, unsat. and sat.) 

e (%) 164 (9, W), 98 (33,-C&), 81 (18,~C&-OH), 66 (lOO,C&+). WHBMS m/e: 
164.0837 (talc. for C,,,H12~ (M+): 164.0837). 
a: white powder (petrokum-ether 40-60). ‘H-NMB (400 MHZ, acetone-d,& 8 6.13 A of Al3 (dd, 

exo-4.5-Evo~exo-3-~~l~x~~~c~r5.2.1.026~c-8-en-e~3-ol 9b 
Followin 

f 
general procedure A Wrahydrofumn (10 ml), 1.6 M MeLi in hexane (1.30 ml, 2.1 mmol), 1 

hl, 8 (16 mg, 1.0 mud), gave, after work-up, flash chromatography (chlorofonn:benxene:ethyl acetate 
= 4: 1: 1) and crystallization, an analytical sampIe of $& (173 mg, 97%). No m was isolated. 
9b: white needles (petroleum-ether 40-60). mp.: 71-73 T. ‘H-NMB (400 MHz, CDCQ: 8 6.18 A of AB 
(dd, Js 5.6 Hz, Ji 9 resp. J7 s=3.l Hz, lH, Hs or I$), 6.08 B of AB (dd, Jt 9 resp. J7 s=3.2 Hx, lH, H8 or 
I-L&, 3.34 A of AB (dd, J4ad.2 Hz, J4 @.7 I-Ix (W-coupling), H-I, H,t), 3.28 (d, Hi, I!@ 2.87 (bs, lH, H, 
orH7),2.81 (bs, lH,Ht orH7),2.28AofAB (dd. Jz&.8Hx, lH,I-I& 1.77BofAB (bd. 1H,H2), 1.64 

1.53 (s, H-I, OH) 1.42 (s 3H -CH3) 1.41 (dt, J 
(H-bonded OHj 3600 &me &I) 3080-2830 ($&-$g:=: 
161 (39,-H@), i12 (72,M+-C&). 97 (38,M+-C&&H& 95 

@O,M+-C&,-OH), 66 (100X!&+). Found: C 74.41, H 7.97 (cak. for C11Hr4O2: C 74.13, H 7.92). 

exm5-n-But+endo-4.5-emm-exe-ticvclol5.2.1 .@61dec-8-en-exo-3-ol 10~ 
Following general procedure A [tetrahydmfuran (10 ml), 1.6 M n-B&i in hexane (1.35 ml, 2.2 mmol), 1 
hl, S (175 mg, 1.1 mmol), gave, after work-up a crude mixture in near quantitative yield. After flash 
chromatography (n-hexane:ethyl acetate = l:l), 85 mg (35%) #!g was obtained as a colorless oil. No & 
was isolated. 
&: colorless oil. ‘H-NMB (400 MHz, CDCl3): 8 6.15-6.11 (m, 2H, H8 and 

H? 
). 3.83 (d, J =2.9 Hz, 

1H H3), 3.22 (d J 10.6 Hz (W-coupling) H-l, H4) 2.80 (bs 1H H or H ) -72 (bs, lH,#, or H7), 
2.2?AofAB(bd f4=9.2Hx lI-I,HHz) 2lbBofAB(d 1H &) ;dAof7AB(d J 
H,,), 1.93 (bs, lH’dH>, l.ti1.77 and 1:72-1.65 (Zm, {H Ill;d lti, &H(CH2)2CH;),1!?&!3; 2 :$ 
-CI&(C&CH3). 1.25 B of AB (dt, J21u,=J6th=1.5 Hz, lH, HI(h), 0.93 (t, J =7.0 Hz: 3H’ 

(H-bonded OH), 3595 (free OH), 3090-2mc(?!-H, unsat. and 
EI/MS: m/e (%) 220 (l,M+), 203 (2,-OH), 178 (9,-C@& 155 (88&H& 137 

Cl4H2uO2 (M+): 220.1463). 
66 (lOO,C&+), 57 (2l.n-Bu+). EVHBMS m/e: 220.1465 (talc. for 

exo-5-sec-Butvl-endo-4,5-e~o~-exo-tric~5.2.1.~6~&c-8-en-exo-3-ol 1W 
Following general procedure A [tetrahydrofuran (10 ml), 1.4 M s-BuLi in hexane (1.55 ml, 2.2 mmol), 1 
h], g (176 mg, 1.1 mmol), gave, after work-up, a crude mixture in near quantitative yield. After flash 
chromatography (chloroform:benzene:ethyl acetate = 41: 1). 113 mg (46%) m was obtained as a 
colorless oil. No W was isolated. 
1od (1.4:1 mixture of two diastemomer s, major isomer I&. minor isomer Iodz): colorless oil. ‘H-NMB 
(400 MHz. CDC13): 8 6.X-6.11 (m, 4H, H, and IIs of 1Od 
w) 3.83 (d J 

and 1od). 3.84 (d, Ja3=3.5 Hz, lH, H3 of 
=3.1 I-Ix 1H H3 of l&) 3.20 (d J =o.# Hx (W-coupling) HI, I$ of &&), 3.17 (d 

J =017 I-Ix &‘-gupling) iH fh of l&) 2 79 (bs ‘A4 H or H7 of m andiod ) 2 72 (bs 2H H, 0; 
&740f l&It and 1od,), 2.29 A of AB (bd, i ‘-9.2 Hx iH ‘H2 of m 1.26 A+AB*(bd, J’ 6’6.3 Hz, 
1H,H20f10dl).2.20BofAB(dd,J 7=l.1 ?& 1H &ofhd) 217BofAB(dd,J 7-1.0 B z, lH, I&, 
of w), 2.02-1.98 (m, W, Hlos of l& and l&)1 1.78 (&&I, bH of H&Jr and &, 1.68-1.24 (m, 



Additions to tricyclodecadienone epoxides 3487 

8H, -CW.X3)CH&H3 and H,(,, of&Q& and m, 1.04 (d, J 
loa,), 1.03 (d, JcH. 

=6.8 Hz, 3H. -C!H(CH )CH&H3 of 
=6.9 Hz, 3H, -CH(C&CH$H fi&,, 0.95 (t, J 2.4 Hz, 6H, 

308@27$0 (&H, 
-CH(CH )CH Q& o&r and &&q. JR (CH&!l& u &O-3100 (H-bonded o~!&)O (free OH), 

unsat. and sat.) cm- . EI/MS: m/e (96) 220 (2,M+), 202 (1,-H ). 163 (4,+Bu), 155 
(78.-CrH$ 145 (6,-s-Bu,-H$). 137 (43.~--OH). y (lOO,-C&.-r-Bu , 66 (92,C&+), 57 e 
(27,.r-Bu ). EJ/HRMS m/e: 22 .1465 (talc. for Cr., & (M ): 220.1463). 

exo-5-tert-Bufvl-endo-4.5-ezn.rxv-exo-tricvclo]5.2.1.~6ldec-8-en-exo-3-oZ l(k 
Following general procedure A [tetrahydmfuran (10 ml), 1.7 M t-BuLi in hexane (1.30 ml, 2.2 mmol), 1 
hl, 8 (176 mg, 1.1 mmol). gave, after work-up, a crude mixture in 88% yield. After Bash chromatography 
(chloroform:benxene:ethyl acetate = 4:l:l) and crystallization an analytical sample of & (99 mg, 41%) 
was obtained. No $8 was isolated. 
a: white needles @etroleum-ether 4CL60). ap.: 101-102 T. lH-NMR (400 MHz, CDCI ): 8 6.17 A of 
AB (dd, Js g=5.6 Hz, Jt I, resp. J7 *=2.9 Hz, H-I, Hs or Ha), 6.12 B of AB (dd, J,,a msp. J7,*= 39Hrq lH,Hs . 
or Hg), 3.84 (bs, lH, H3), 3.24 (d, JW=0.7 Hz (W-coupling), 1H. H,,), 2.81 (bs, IH, Ht OT H7), 2.73 (bs, 
lH, H, or H7), 2.33 A of AB (dd, J 6=9.3 Hz, Ja7=1.0 Hz, lH, Hd, 2.25 B of AB (bd, J&.0 Hz, lH, 
Hz), 1.99 A of AB (a, Jttilos=8.5 & lH, H,,), 1.64 (bs, lH, OH). 1.26 B of AB (dt, Jzta=Ja to,,“1.5 
Hz, lH, Htos), 1.01 (s, 9H, -C(Q&h). ‘H-NMR (400 MHz, CDCl , D 0): vide snprtr, except 8 3.84 (d, 
Jzs=2.9 Hz, lH, H$. JR (C!H$l& D 37W309O~(Hbonded OHI, 3&l (free OH). 3050-2830 (C-H 
unsat and sat) cm- . U/MS: m/e (%) 220 (5.W). 203 (51&H), 163 (7,~t-Bu), 155 (76,-C+). 137 
(100,~C&,-OH), 109 (66,-C&, -OH,-CO). 97 (50,-CsHb-t-Bu), 66 (5l,C&+), 57 (4O,t-Bu ). Found 
C 75.89, H 9.08 (talc. for Cr4H&: C 76.33, H 9.15). 

exo-4.5~Evom-ex~3-vhenvlcxo-nicvclol5.2.l .&61dec-8-en-endo-3-ol 9f and endo-4,5-epoxv-exo-5- 
phenvl-ex~ticyclol5.2.1.WWec-8-en-exo-3-ool lot 
Following general procedure A [tetrahydrofuran (10 ml), 2.0 M PhLi in hexane (1.00 ml, 2.0 mmol), 1 h], 
8 (160 mg, 1.0 mmol), gave, after work-up, a crude mixture consisting of 74% 9f and 26% 101 (cap. CC). 
After flash chromatogra 
St (83 mg, 35%) and 1_ (55 mg, 23%) were obtained. op 

hy (AlzO3, chloroform:benr.ene = 4: 1) and crystalliza&t, analyti~samples of 

sf: white plates (diisopropyl ether). m.p.: 124-125 Oc. tH-NMR (400 MHZ, CDC13): 8 7.59-7.56 (m, 2H, 
Hortho). 7.39-7.34 (m, W, 

?Y J7 s=3.1 Ha, IH, Hs or Ha). 
,,,), 7X-7.26 (m, lH, H,,& 6.26 A of AB (dd, Js,9=5.7 Hz, Jts resp. 

.ll B of AB (dd, J s resp. J7 *=3.2 Hz, lH, Hs or Ha), 3.64 A of AB (dd, 
J&=2.2 Hz. Jq6=0.9 Hz (W-coupling), lH, H.,), &t4 B of AB (d, 1H. H5), 3.05 (bs, lH, HI or H7), 2.98 
(b’s, 1H. H, ark,), 2.43 A of AB (dd, Jz6=7.0 Hz, IH, &), 2.34 B of AB (d. H-J, Hz), 1.94 (s, 1H. OH), 
1.89 A of AB (d, J e,,os=8.8 Hz, 1H. H, ), 1.51 B of AB (dt, J tol’;J6r~=1.7 Hz, lH, Htu,). JR 
(CH#&): u 3700_31!ZO (H-bonded OH). 35808 (free OH), 3110-2800 t&-H, unsat. and sat.) cm-‘. EJ/MS: 
mle (%) 240 (6&l+). 222 (5,-HzO), 174 (55,-C&), 157 (38,- 

csH8 (42,C&+). 66 (lOO,C&+). EJ/HRMS m/e: 240.1153 (talc. for Cl&6 
.-OH), 105 G+O.C$35C=O+h 77 
2 (M+): 240.1150). 

1(H: white plates (diisopropyl ether). mp.: 123-124 Oc. ‘H-NMR (408 MHz, CDC13): 8 7.50-7.48 (m, 2H, 
k), 7.41-7.38 (m, W, H, , 7.34-7.31 (m. lH, 3. 
J7s=3.1Hz,1H,HsorHa),6. ob Hpl 

6.10 A of AB (dd, Js -5.6 Hz. Jt 9 resp. 
BofAB(dd,Jt9resp. 78-. -3 1 Hz, lH, Hs OT Hg), & (d, J3 ,=2.0 Hz, 

lH, H3), 3.62 (d. lH, H4). 3.06 (s, lH, OH), 2.82 (bs. 1HHt or H7), 2.51 A of AB (d, Jz6=6.‘5 Hz, lH, 
Hz or Hd, 2.06 B of AB (d, 1H. Hz or He), 1.85 (bs, lH, Ht or H7), 1.45 A of AB (d, JI~tos=9.0 Hz, lH, 
Hros), 1.04 B of AB (dt, J tu.5J6,t~91.6 Hz. 1H. H$. JR (CHC13): II 3610-3100 (H-bonded OH), 3550 
(free OH), 3100-2880 (&H, unsat. and sat) cm- . EUMS: m/e (%) 240 (6,M+). 223 (4.-OH). 174 
(9,-C&L 157 (27,~C&.-OH). 146 (11.~C&,-OH). 105 (lOO,C&,C=C+), 77 (7O.C&~+). 66 
(63,C&+). Found: C 79.94, H 6.68 (talc. for C&t&: C 79.97, H 6.71). 

exo-3-Methylendo-~~clo~5.2.1.~6]dec-8-en-endo,exo-3.5-diol 20b 
Following general procedure B [tetrahydrofuran (10 ml), sat. Lii in tetrahydmfuran (10 ml), 1 day], 
ab (49 mg. 0.28 mmol). gave, after work-up, a crude mixture consisting of 41% @, 5% & and 54% Zj& 
(cap. CC). Epoxy-alcohols 6b and B were removed by flash chromatography (n-hexane:ethyl acetate = 
3: 1) and subsequent elutionwitb methanol gave 18 mg (36%) 2Ob as a colorless oil. 
Following general procedure B [tetrahydrofuran (10 ml), sat. alJ-& in tetrahydrofuran (10 ml), 1 h], & 
(51 mg, 0.29 mmol), gave, after work-up, 51 mg (97%) m as a colorless oil. 
m: ‘H-NMR (400 MHZ, CDC13): 8 6.30 A of AB (dd, Ja,,- 
6.08 B of AB (dd, J, 

-5.6 Hz, Jt,a resp. J7,s=3.0 Hz, lH, Hs or Ha), 
resp. J7*=3.1 Hz, lH, Hs or Ha). 3.77 (dd, J =6.3 Hx, J4 =2.4 Hz, lH, Hs), 

2.97, 2.93 and 2.69 (gbs, lH, ‘1H and 2H, H,, Hz, H, and H7), 1.924”3 of AB (dd,?rd ‘,x=13.8 Hz, lH, 
J-J&, 1.69 (bs, w, OH), 1.64 B of AB (dd, 1H. H&r 1.46 A of AB (dt, Jr 
J1.wJ7.toa= . 

rr,,=8.0 Hx,?t 10~=J7,10p resp. 
1 8 Hz, lH, H,, or HI,,&, 1.46 (s, 3H, -CH3), 1.33 B of AB (d>H, Hru, or HI&. 
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tm4Deutero-uw3 m&v -do- icvcioC5.2 @bide n-endo. ,5 dbl. em-4-D-2& 
Following general p&cedu& B [t&hy& (10 $?iAlD, ;=&ydmfuran (0.33 @5 ml, 10 
ml), 1 day], & (99 mg, 0.56 mmol), gave, after work-up, a crude mixture containing 58% exo4D-a 
(cap. GC). Epoxy-akohols @ and 7b were removed by flash chromate 

2&Yph 
y (n-hexane:ethyl acetate = 

3: 1) and subsequent elution with methanol gave 48 mg (48%) exo4D-_ as a colorless oil. 
Following general procedure B [tetrahydrofman (10 ml), LiAQ in tetrahydmfuran (0.33 g/35 ml, 10 

encIo-4Detuero-cxo-3-methvla cwbl5.2.1 .@l&c-8-en-endo,exc+3.5-& . end04 2Ob 
Following general ~WXX& B [tezydmftuan (u, ml), w in tetrahyd&mn (O.&K20 ml, 15 
ml), 2.5 hl, 24 (150 mg. 0.84 mmol. vi& i@ra). gave, after work-up, 148 mg (98%) endo4D-2ob as a 
colorless oil, which slowly solid&d. 
endo-4-D-a white powder (n-hexane&chlommethane). m.p.: 107-109 OCT. ‘H-NMR (400 MHz, 
CDC13): 6 6.30 A of AB (dd, Jg9=5.6 Hz, J 9 resp. J,s=3.0 Hz, lH, 
resp. J7 s=3.1 Hz, lH, Hs or Hg), 3.77 (bs. l& Hs), 2.93.2.92 and 2.69 ( 

~orH&6.08BofAB(dd,J19 

and H75, 1.62 (bs, lH, 
bs, 1 

H orHo,) 146(s,3 
,1.46 A van AB (dt, J1 l,,$38.O Hz, J1 1e,=J7 1 

1H and 2H, H1, HZ, I-& 
resp. i, lh=J7 l,,,=1.8 Hz, lH, 

3&d (I&nded 
-CH) 1.33BofAB&lH,H orti ) &bs.2Fk,OH~IR(CHC!l)*u 

36& (fne OH). 3060 (C-H, A&, 3bg2800 (C-H, sat.) c&. EI/MS?ke 
(‘AD) 181 (0.2,M+), 166 (48,~CH3), 114 (18,- 

Y!! 
,-H), 99 (6&H&H ), 98 (43,- 

(14,-C&,-H 0) 81 (5,-w -OH -OH) 80 ( &,,-OH,-H20), 66 (l?lO,C&+). E 
166.0979 (cd. fb &H&D ‘m+-&I3):‘166.&8). 

4-Deuterocndo-tricvcloricvc1015.2.1 .@b1&ca-4.8-dien-3-one 22 
to the procedure described by Miura et aLlo, using a solution 

C,&&,OD (M+): 147.0795). 

endo-4-Deurero-exo-4,5-etwxv-end~tricvclo~5.2.1.~1dec-8-en-3-one 23 
20% Aqueous Na2a (7 ml) and 35% Hz@ (10 ml) were added to a solution of 22 (524 mg, 3.6 mmol) 
in acetone (10 ml) at 0 ‘T and the resulting mixture was stirred for 20 mmutes under a nitrogen 
atmosphere. The crude mixture was diluted with water (10 ml) and extracted with dichloromethane (3x). 
The combined organic fractions were dried (MgSO,& filtered and concentrated under reduced pressure to 
give 578 mg (97%) W as a white solid. 
23: ‘H-NMR (400 MHz, CDC13): 8 6.08 A of AB (dd, Ju9- 
(dd, J7s=2.8 HZ, lH, Hs), 3.60 (d. Js,b= . 

-5.7 Hz, Jl =2.5 Hz, lH, I-I& 6.03 B of AB 
1 6 Hz, lH, H&,3.24 (bs, lI$ H7), 3.11 (bs, lH, H,), 3.10 (t, 

J1,+.l Hz, lH, Hd, 2.77 (ddd. J &5 Hz, Jb+6 Hz, 1H. IQ 1.62 A of AB (dt, J1 
J1 lo.=J7 1 EUP. Jl 1 =J la=1.5 I& 1H H 
(%) 163*&M+), 98 ‘$4,~&), 66 (lbo,d,dq. 

oi Hlol). 1.46 B of AB (d, 1H. Hlo. or Hl&%ti$: 2 

exo-4-Deuterocndo-4.5-eooxv-exo-5-methvl~ 24 and &o-4- 
Deutero-exo-4,5-evoxy-exo-3-m&vl-endo-tricyclo~5.2. l.W’ldec-8-en-en&3-oZ29 
Following general procedure A [telrahydrofuran (20 ml), 1.3 M MeMgI in ether (2.40 ml, 3.1 mmol), 3 
days], 23 (400 mg, 2.5 mmol), gave, after work-up, a crude mixture consisting of 81% 24 and 19% 29 
(cap. GC) in quantitative yield. After flash chromatography (n-hexane:ethyl acetate = 3:1), 312 mg (70%) 
a and 50 mg (11%) 29 were both obtained as a white solid. Analytical samples were obtained by 
crystallization. 
24: white needles (n-hexane). m.p.: 101-102 Oc. ‘H-NMR (400 MHz, CDCI ): 8 6.19 A of AB (dd, 
Js 9~5.6 HZ, J7 s-3.0 Hz, 1H. H ). 5.88 B of AB (dd, 
Ah (dt, J2,6=16.5 Hz, JlZ=JZ3= 4 7 Hz, 1H. HZ), 2.93 

J19 ~3.0 Hz lH, I$) 3.7i (bs 1H. H3), 2.99 A of 
. (b& 1H. H7j, 2.89 (b:, lH, H,j, 2.79 B of AB (dd, 
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J&7=3.6 Hz, HI, I&), 1.67 @d, J3~3.8 Hz, lH, OH), 1.49 A van AB (dt, Jt t =8.1 I-lx. Jt ta.=J7,ta. 
resp. Jt tol=J, al.8 Hz, lH, Ht ‘orH,,,) 143(s 3H CH) 134BofAB&&-l, Ha,or’Htu,).IB 
(CHCls): u 3t&3090 (H-&OH), ‘36iO (free bH): & &-l, mtsat.). 3030-2810&I, sat.) cm-l. 
EI/MS: m/e (96) 179 (2&l+), 161 (5-H ). 

P 
113 (32,~C#&), 98 (28,~C&-CHs), % (30,~C&,-OH). 66 

(lOO,C&+). EI/HBMS mlc: 179.1057 talc. for CtrtHt30aD (M+): 179.1057). 
29: white needles (n-hexane). ap.: 105-106 “C. H-NMB (400 MHz, CDCls): 8 6.30 A of AB (dd, 
Js a=56 I-Ix, Jt a resp. J7 a=2.8 Hz, lH, Hs or 
3.16 (s. HI, I&), 2.98 (bs, HI, Ht or H,), 2. 2 

), 6.16 B of AB (dd, Jt,a resp. J7,s=3.1 Hz, lH, Hs or I$), 
2.94 (m, lH, Ht or H7), 2.89 A of AB (dd, Jza=7.8 Hz, 

Jk7=4.4 Hz, lH, IQ, 2.52 B of AB (dd, Jt,+.l Hz, lH, Hi), 1.58 (bs, H-I, OH), 1.49 A of AB (dt, 
J to~tos=8.2 Hz, Jr ut.=J7 tn. =v. Jt 101=J7 t =1.8Hz, lH,Htu,orHte,), 1.4O(s,3H,-U-I& 1.32BofAB 
(bd, lH, Hte or ktb). ‘IR (CH&): ‘u &O-3040 (H-bonded OH), 3600 (i?ee OH), 3040-2826 (C-I-I, 
unsat. and Lt.) cm-‘. EI/MS: m/e (96) 179 (2&I’), 113 (13,-C&), 98 (ll.- 

CaHs (11 ,-C&,-OH), 66 (lOO,cJIa+). EI/HBMS m/e: 179.1055 (talc. for CttHt$&D (M+): 17 . 1 
,-CH3), 96 
57). 

endo-4.5-E~~-ex~5-methvlendo-tricvclo~5.2.1.~6l&c-8-en-3-one 25b 
To a suspension of PCC (362 mg, 1.7 mmol) in dry dichloromethane (20 ml) a solution of B (200 mg. 
1.1 mmol) was added and the mixture stirted at room temperature. The teacdon was monitored by TLC 
and after standard work-u~~~ 150 mg (77%) m (purity > 92%. cap. GC) was isolated as a colorless oil. 
An analytical sample was obtained by flash chromatography (n-hexane:ethyl acetate = 3:1)16. 
m: ‘H-NMB (100 MHz, CDQ): 8 6.12 A of AB (dd, Js a=5.6 Hz, Jt a resp. J,,a=2.9 Hz, lH, Ha or Ha), 
5.98 B of AB (dd, J a resp. J7 s=2.6 Hz, B-I, Ha or I$), 3.14-2.80 (m, !&I, H , Ha, IQ, & and H,), 1.58 A 
ofAB(bd,Jt 1 =. b3Hz H-i Hto,orH& 154(s 3H,-CH3),1.41Bof~B(bd,1H,Hto,orHtol).IK 
((z1-1~~12): u !&~&gu, (C-H; unsat. and S&J: 173i) (c=o) cm-‘. CI/MS: m/e (%) 177 (5,~++1), 159 
(7,-HaO), 111 (100&H,& 82 (47,C&O+). 66 (66,C!sHe+). EI/HKMS m/e: 176.0840 (talc. for 
CtlHtZOZ (M+): 176.0837). 

1. 

2. 

3. 

4. 

5. 
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::: 

:: 
14: 

feasible and apparently ame favorable A similar result was found earlier in OUT attempts to 
depmmme 2 with lithium diisopmpyl amide in tehahydmfm$. Here too, exclusive formation of & 
was observed by efiicient &hydrogen transfer fmm the lithium amide to the mbonyl function. The 
absence of any reduction product in the addition of orga~~Gt.hium reagents (Table 1) is most likely due 
to higher reactivity of these orgpaomtallics towald nucle0philic &id&ions as coIIIpBt#1 with Grignard 
reagents. (Khmder, A.J.H.; Schuurman, R.F.W.; Zwanenburg. B. to be published) 
Mhua, H.; Hirao, K.-I.; Yoncmitsu, 0. Tetrahedron, 1978,3#. 1805. 
After addition of I.iAlD4, a fast conversion of.@ to uro4D-m was obsefved After one day, 
however,therateofreactkmhad- comuderably. Rather than wait until complete conversion 
was achieved, the reaction mixture was quenched after one day (approximately 509b conversion). The 
dropinthelateofrcacdoncanbeexplainedpy assumingasharpdropinthemteofthePayne 
recarsngementof~to~,whichwasalsoobsesvedintheadditiondmthyllithiumto~.BBasedon 
thisessllmption,atthisstage,therateofthediractreductioacan~comparabletoorhigherthan 
thatofthepayne tearrangemnt and dbect reduction will predominate ova the indkct pathway. As a 
result, Liu and coworkers’* observed a mixtute of endo- and ex.04D-2Ob after prolonged reaction 
times (6-8 days), the ratio of both pr&zts depending on the point at whx the Payne 
isslowerthanthedircctreduction. 
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