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Abstract. The angular alkylation of tricyclodecadienone ester l with alkyl halides is described. A considerably 

diminished thermal stability is observed for the angularly alRylated mcyclic esters 2. Even at ambient 

temperature they rapidly undergo an unusually facile Cope rearrangement to bridge ketones 8. Both steric and 

electronic effects are held responsible for this unique behavior of 2. In contrast to ester & Balky1 esters z do not 

generally undergo conjugate addition. Instead, bridge ketone addition products are formed which may arise 

either from initial 1,2-nucleophilic addition to the Cs-ketone function in 2 followed by Cope rearrangement or 

from a stereoselective nucleophilic addition to the bridge ketone function in the Cope rearrangement compound 

8. The remarkable stereoselectivity of the latter reaction is discussed in terms of CieplaKs model for the 

addition of nucleophiles to cyclic ketones. 

Introduction 

Tricyclo[5.2.1.0~6]decadienones are useful synthons for a variety of functionalized cyclopentenones, contai- 

ning an ~-cyclic double bond, with defined stereochemistry and chiralitylf. The aim of the study presented in 

this paper is to extend the scope of the synthetic strategy based on these tricyclic systems to the preparation of 

cyclopentenones with an exo_cyclic olefimic moiety. Several naturally occurring cyclopentenoids contain an 

w-cyclic enone function and therefore are appropriate targets for this study. Examples are sarkomycin3, an 

antitumor compound, and the antibiotic methylenomycin B4. The proposed sequence of events is depicted in 

Scheme 1. Angular functionabzation of the readily available5 tricyclic ester 1, followed by a conjugate nucleo- 

philic addition to the enone function, is expected to produce compound 3. Subsequent application of the tech- 

nique of Flash Vacuum Thermolysis (FVT) will furnish cyclopentenone & which then in a series of transfor- 

matrons needs to be converted into the desired a-cyclic product 3. 

Scheme 1 

This report deals with the apparently simple angular alkylation, viz. the conversion of 1 into 2 with the 
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electrophile being an alkylating agent6. Furthermore, the chemical properties of the thus-prepared angularly al- 

kylated tricyclic compounds, in particular their skeletal integrity will be discussed in detail. 

Angular alkylation of ethyl tricyclodecadienone 2-car-late 1 

For the angular deprotonation of tricyclic ester 1 a nonnucleophilic and strong base is most appropriate in 

order to avoid undesired reactions of both the enone- and carboethoxy group. With IDA in dry THF at -78 Y!, a 

clean deprotonation at the 6-position of ester 1 was accomplished furnishing lithium enolate 6 (Scheme 2). The 

intermediacy of this anion was established by quenching with an excess of DaO, which gave the corresponding 

6deuterated enone 1 in high yield Alkylation of 1 was carried out by adding alkyl halides at -78 “C and slowly 

raising the temperature to 20 OC. 

Scheme 2 

s 

R x yield (sr.: 
methyl I 88 

-t-t- 

ethyl I 77 
ally1 I 68 
n-baptyl I 47 
benzvl Br 28 
CHpi 1 I 1 8 

Electrophilic substitution of 6 with methyl iodide led stereospecifically to the corresponding 6methylated 

enone ester 7a in 88 96 yield. Addition of other primary alkyl halides, such as ethyl iodide, ally1 bromide and 

n-heptyl iodide, similarly gave 7b_d. However, with benzyl bromide as the electmphile, a mixture of products 

was obtained, containing 6-benxyl ester&in a yield of only 28 96. together with 1,2diphenyl-1-bromoethane 

and unreacted 1. The recovery of starting material 1 can readily be explained by assuming competitive proton 

exchange of enolate 6 with benzyl bromide, giving a benxyl carbanion that on coupling with another benxyl 

bromide produces 1,2diphenyl-1-bromoethane. Most likely, the introduction of a relatively bulky benzyl group 

eclipsed with the ester function at Cz will cause considerable steric interaction and consequently will retard the 

formation of the 6substitution product 2. To a certain extent, this steric interaction exists in all angularly 

substituted enones 2 and is directly dependent on the steric bulk exerted by the group introduced, as will be 

demonstrated later. Reaction of 1 with diiodomethane yielded a mixture of products consisting of iodide zf, 

starting ester 1 and polymeric material. After flash chromatography pure zf was obtained in a yield of 8 % only, 

implying that further annelation reactions7 of & based on angular iodomethylations are not promising. The 

structures 7a_f were ascertained by their spectral data. Interestingly, their NMR-spectra differ markedly from 1, 

e.g. the syn-bridge proton at C,e is considerably shifted to lower field (-0.4 ppm). This difference may be 

explained by assuming a Van der Wards interaction of this proton with the angular alkyl group. Structure 7a was 

unequivocally established by an X-ray diffraction analysis8. 

Cope rearrangement of angularly 6-alkylated ethyl tricyclodecadienone 2-carhoxylates 

During the synthesis of the angularly alkylated tricyclodecadienones 2 a considerable diminished chemical 

stability of the tricyclic enone system was observed. Alkylation of 1 with methyl iodide smoothly afforded 2 in 

a high yield as a single crystalline compound. Surprisingly, on standing at room temperature for some days, 

these crystals slowly liquified. ‘H-NMR spectroscopy revealed the formation of a mixture containing & and its 

isomer &I. The formation of&results from a sigmatropic [3,3] rearrangement (Cope rearrangement), as is 
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depicted in Scheme 39. The observation of a high C=O absorption (1780 cm-‘) in the IR-spectrum of & clearly 

indicates the presence of a strained carbonyl function. 

Scheme 3 
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After standing for approximately a week an equilibrium between & and & was reached with a molar ratio 

amounting to 65335. Analogously, all other 6-alkyl enone esters 2 show this sigmatropic equilibration, however 

at a much higher rate and in favor of the rearranged product 6. In contrast, ester 1 exhibits no Cope rear- 

rangement, neither at room temperature nor at elevated temperatures. The position of the equilibria in these rear- 

rangements could be easily determined from the corresponding ‘H-NMR spectra in which several signals am 

well separated. 

Apparently, angular substitution at C, in enone ester 1 leads to such highly congested structures 2 that 

[3,3]-sigmatropic rearrangement to S becomes thermodynamically favorable. It appeared that the equilibrium 

between 2 and 8 in these experiments is shifted in favor of 8 when the steric bulk of the 6-substituent is 

increasing. The rationale for this is the greater steric interaction between the group R and the 2-carboethoxy 

group in 2, and as a consequence, raising their ground state energies. Force Field calculations using Allinger’s 

MM2-program10, seem to confii this hypothesis. An increase in steric volume of the group R at C, in 2 

enhances the total steric energy due to an increase of the Van der Waals repulsion between the group R and the 

adjacent ester function. In the teat-ranged structures 8a-f such an interaction between tbe ester function and the - 
7-alkyl group affects the respective ground state energies to a lesser extent. 

An effect of possible geometrical changes on this Cope rearrangement, situating the involved olefinic 

functions in a more favorable position, seems to be of minor importance” because the results of both MM2-cal- 

culations and X-ray diffraction studies ‘J* of the parent ester 1 and methylated ester 2 demonstrate that the orien- 

tation of the C&4 and Cs-C, bond hardly changes with the increasing stetic volume of the 6substituent. 

Although Cope rearrangements are familiar processes in e&-tticyclodecadienones13, these [3,3]-sigma- 

tropic rearrangements seldom occur at ambient temperatures because the rearranged product &I contains a rather 

strained bridged ketone function and there is loss of conjugative stabilization by disruption of the a$-enone 

system in 9 (Scheme 4). AS a result the ground state energy of the rearranged product fl is generally much 

higher than that of 9. 

Hitherto, to our knowledge, only one case has been reported14 in which a tricyclodecadienone and its rear- 

ranged bridged ketone are of comparable energy and, as a consequence, equilibrate in a Cope rearrangement. 

Reaction of 2,5-dimethyl-3,4diphenylcyclopentadienone u with cyclopentadiene afforded e&o-ketone 12 

(Scheme 5). When 12 was heated at 105 “C, a rapid equilibrium with 13 was established, consisting of about 50 

% of both 12 and 13. Apparently, the energy effect of the strained carbonyl function in 12 and that of the steric 

hindrance of the 2-methyl and 6-phenyl group together with conjugative stabilization effects in both 12 and 3 

are in balance. A similar explanation can be given for the equilibration between 2 and 8 (Scheme 3). In 2 there is 
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Scheme 4 

Scheme 5 

I! 12 13 

the steric effect of the 6-alkyl group and the 2-ester function, while 8 has a highly strained bridged carbonyl 

function. The loss of conjugative stabilization for the enone moiety in 2, however, is largely compensated by the 

a$-unsaturated ester group in 8. 

Nuckophilic additions to ethyl 6-methyl-tricyclodecadienone 2-carboxylate 

In the preceding section it was shown that the introduction of an angular substituent at C, in ester 1 has a 

considerable effect on its skeletal stability, thereby facilitating the occurrence of a Cope rearrangement. The pre- 

sence of a 6-alkyl group in enones 2 also has a notable influence on their aptitude to undergo conjugate nucleo- 

philic addition. Alkaline epoxidation of 1 with HzOz proceeds smoothly at room temperature to afford the 

corresponding epoxide in high yieldlbec; methyl enone 7a, however, could not be epoxidized at all under these 

conditions. Only after prolonged heating at 60 T, epoxide 14 was obtained in a modest yield of 30 8 and in a 

Scheme 6 
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poorly reproducible reaction (Scheme 6). In this epoxidation reaction lactone 15 was isolated as a by-product in 

10 % yield. Its formation probably takes place by nucleophilic attack of the hydrogen peroxide anion (OH-) at 

the strained Cte-carbonyl group of ga, followed by a mgio-selective Baeyer-Villiger type oxygen insertion 

(Scheme 6). This lactone Is was independently prepared from & in high yield by treatment with hydrogen 

peroxide in acetic acid15. 

The reluctance of the enone moiety in a to undergo nucleophilic additions is also demonstrated by the 

results of hydrocyanation experiments. Using reaction conditions similar to those applied by Rouessac et al’* for 

the successful hydrocyanation of the parent tricyclodecadienone, no g-keto nitrile 16 was obtained at all. Instead, 

a cyanohydrol was isolated in excellent yield, to which structure 12 was tentatively assigned (Scheme 7). In 

order to establish the mechanistic pathway underlying its stereoselective formation, the coniiguration at C,c in 

17 was needed. Therefore, the corresponding acetate was prepared by reacting 17 with AcsO in pyridine. This 

crystalline compound was subjected to an X-ray analysi@ revealing structure B. 

Scheme 7 

17 (98 %) 18 (85 %) 

The formation of 12 from a can be rationalized in two ways: (i) initial stereoselective 1,Zaddition of 

cyanide ion to the 5-carbonyl function in 7a, followed by a fast [3,3]-sigmatropic rearrangement (Cope rear- 

rangement) or (ii) initial [3,3]-sigmatropic rearrangement of a into&followed by a stereoselective cyanide 

addition to the strained Crc-keto function (Scheme 8). In an independent experiment it was shown that @g is 

converted completely into 17 within 1 h at r.t.. On the other hand, at that temperature a is only partially 

transformed into 17 after 60 h of reaction (no & was observed). These results suggest that a itself either does 

not react with cyanide at all or only very slowly, while ga, as soon as it is formed from 7a, is immediately 

converted into 12 in a stereoselective fashion, thereby shifting the Cope equilibrium between a and&toward 

the latter compound. Nevertheless, some formation of 17 from & via route (i) cannot be excluded. 

The diminished nucleophilic reactivity of the enone function of a is also encountered when a 1,4-addition 

with methylmagnesium iodide in the presence of Cu(I)Cl* was attempted. Instead of undergoing conjugate 

addition with the Grignard reagent, formation of 19 was observed in 31% yield (with a recovery of 51% of 7aJ 

after a reaction of 4h at 0 “C and 15 h at r.t.(Scheme 9). The structure of 19 was unequivocally established by an 

X-ray diffraction analysisi of the corresponding acetate 20. The formation of 19 can again be explained by 

either an initial 1,Zaddition of the organometallic to 7a. followed by a Cope rearrangementl* or by a direct addi- 
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Scheme 8 

sa 1z 

tion to the Cru-carbonyl function of the rearranged product &. Addition of MeLi to & at -78 T leads in 10 ruin 

to bridge alcohol 19 in 83% yield, which means that the reaction of & with the Grignard reagent is very fast. 

Although a reaction via a (l&tddition at C, and subsequent rearrangement) is possible it seems that the 

formation of 19 from 3 predominantly takes place via an initial Cope rearrangement to & followed by a 

stereoselective addition to the C,u-carbonyl function. 

Scheme 9 

Reaction of & with an excess of MeLi at -50 “C for 10 min produces a series of compounds (Scheme 10). 

CarbinolJJ results from a double reaction of MeLi with the ester function of a. It is of interest to note that 23 

on standing at r.t., or when heated in tefluxing chloroform for 15 min., equilibrates with its Cope isomer 24 

(equilibrium ratio 1: 1). Bridge alcohol 19 must be formed by a stereospecifii addition of MeLi to the Cs-ketone 

function in 7a, followed by a Cope rearrangement, because at the temperature of the reaction, marrrangement of 

B into @J does not take place. Product 25 is clearly the result of an initial formation of 2& followed by a Cope 

rearrangement. Attempts to equilibrate compound 25 with 26 by heating in refluxing chloroform were not 

succesful. Hence, replacing the ester function in a by an acetyl group as in 26 has a considerable influence on 

the position of the Cope equilibrium. Finally, ketone alcohol 22 arises from an attack of MeLi to both the ester 

and 5ketone group in 7a, followed by a Cope rearrangement. 

It is of interest to note that the formation of bridge alcohol 19 according to the reaction presented in Scheme 

10 follows a pathway different from that given in Scheme 9. In this connection it is relevant to mention that the 
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Scheme 10 
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reduction of the parent ester 1 with lithium aluminum trimethoxy hydride at r.t. results in a 79% yield of bridge 

carbin (Scheme 11). This reaction must proceed via the primary reaction product 28. which then undergoes 

Scheme 11 

1 28 29 (79%) 

a rapid sigmatropic rearrangement to 29. Parent compound 1 does not show any Cope rearrangement at all at r.t.. 

At least a temperature of ca. 150 “C is required to enforce such a rerrangement19. Recently, the reduction of 1 

and also of 7a, with NaBH4 in methanolic CeCls.6HaO has been de~cribed~~ to yield the products 29 and 2l, 

respectively, also via the the intermediacy of carbinol 3. Reduction of &I with NaR& in MeOH at r.t. rapidly 

gives alcohol 21 as the sole product, which on subsequent acetylation gives &2. 

The results described above show that the angularly substituted ester 2 displays a very low tendency to 

undergo conjugate enone addition. This reluctance of a to undergo I&addition is probably due to severe steric 

rnteraction between the incoming nucleophile, the 2-ester group and the 6-alkyl substituent, because if this 

nucleophilic addition process would take place, all three groups would be positioned on the same convex face of 

the tricyclodecadienone system. At temperatures at which Cope rearrangement of a into &I takes place, 

nucleophilic reactions preferably proceed via the rearranged species & by a stereoselective addition to the 

strained Ctu-ketone function. When a Cope rearrangement of & is not feasible, product formation takes place 

vta an initial addition to the Cs-ketone function of 3 and a subsequent sigmatropic rearrangement. 

The stereochemistry of the addition reactions to the Cut-ketone function of & is the same in all cases studied. 

The stereochemical outcome of the cyanide addition to&is in agreement with the result reported by Gassman 
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and Talley20, who describe a highly stereoselective syn-addition of cyanide to bicyclo[ZZ llhept-2-en-7-one 

using KCN in acetic acid. other literature data available on nucleophilic additions to 7-norbornenone show that 

the general pattern involves predominantly syn-addition 21. This observed predominance for syn-attack is not yet 

fully understood, although it is now been accepted that both steric and electronic features are involved. So far, it 

has been assumed that attack from the anti-side of the double bond in 7-norbornenone is slightly more hindered 

than from the olefinic side of the molecule, owing to steric repulsion between the exe-protons at Cs-C, and the 

incoming nucleophile. However, this has been opposed by recent calculations which suggest that syn-attack is 

actually less favorable than anti-addition, leading to the hypothesis that some chelating interaction of the double 

bond with the nucleophile may be responsible for the observed stereoselectivity rather than steric features. In our 

opinion an adequate explanation for the observed stemoselectivity in both 7-norbornenone and tricyclic ketone 

& may be provided by Cieplak’s transition state model for nucleophilic additions to cyclic ketones”*24. In this 

model, addition of the nucleophile preferably takes place from that face of the carbonyl function that allows the 

o*-orbital of the incipient C-Nu bond to effectively ir.teract with the electron donating orbitals neighboring the 

carbonyl function. Both for 7-norbomenone and tricyclic ketone & conceivable stabilizing orbital combinations 

are the n,o* and o,d interactions. Although the x,d interaction certainly contributes to the overall 

stereoelectronic features of these molecule&“, it is apparently outweighed by the a,d hyperconjugative 

interaction, as the observed stereochemistry is just the opposite as would have been predicted on basis of such 

x,o*-stabilization. Considering o,& hyperconjugative interaction of the incipient o* orbital of the C-Nu bond 

with the electron-richest anti-periplanar a&s bonds in both 7-norbomenone and ketone Sa, syn-addition is hem 

clearly preferred. In 7-norbomenone the C&s and Cr-C6 bonds are better electron donors than the Cl-C, and 

Cs-C, bonds because of the electron withdrawing effect of the C& z-electron system, whereas for the same 

reason, in & the Ci-C2 and C&7 bonds are more electron-rich than the Cr-C, and C7-Cs bonds. As a 

consequence, a more effective hyperconjugative delocalization is attained when syn-addition takes place. 

Evidently, the presence of an electron withdrawing ester function connected to the x-system, as is the case in & 

will further increase the ryn-selectivity in these bridged ketones. This is nicely reflected in the observed high 

syn-selectivity of addition of nitrile, methyllithium and borohydride to tricyclic ketone &. 

In conclusion, angular alkylation of tricyclodecadienone ester 1 proceeds readily to give the corresponding 

6-alkyl substituted esters 2, which, due to a considerable increase of their steric energy, show a reduced skeletal 

stability and rapidly equilibrate with their Cope rearrangement products 8, even at ambient temperature. These 

alkyl substituted esters 2 also show a considerably diminished propensity to undergo conjugate additions to the 

enone moiety. In all cases studied, such an addition could not be accomplished. Instead, a rapid stereospecific 

nucleophilic addition to the strained bridge ketone function in the Cope rearrangement product 8 is observed, 

provided that rearrangement to S is feasible at the temperature of the reaction. When the rearrangement to e is 

hampered, rearrangement of the initial carbonyl addition product of 2 may occur. 

Experimental 

General remarks 
‘H-NMR s 

i P 
ectra were recorded on a Bruker WH-90 spectrometer in CDCls solution with SiMe, as internal 

reference. C-NMR spectra were recorded on a Bruker WP-60 spectrometer or Bruker WM200 (in CDCl$ 
Mass spectra were obtained using a double-focusing VG 707OE mass spectrometer. Melting points were deter- 
mined using a Reichert melting point apparatus and am uncorrected IR spectra were recorded on a Perkin-Elmer 
298 infrared spectrophotometer. UV spectra were measured on a Perkin-Elmer 555 spectrophotometer. Elemen- 
tal analyses were carried out in the Microanalytical Department of the University of Nijmegen. Capillary GC 
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(CapGC) analyses were performed using a HE 5790 A, containing a cross-linked methyl silicone column; L=25 
m, ID= 0.31 mm, film 0.17 pm applying a temperature program: 100 OC to 250 OC, 15 YYmin, unless indicated 
otherwise. Flash chromatographic purifications (pressure (p): 1.5-2 atm) were carried out using either silica gel 
(Rieselgel60 H (Merck)) or AlaGs (150 neutral typ T (Merck)). 

Ethyl 5-oxo-endo-tricyclo[5.2.1.0a$iecu-3,8-diene 2-carboxylate 1 
Ester 1 was prepared via a modified procedures, originally described by Herz and co-workers, in a yield of 

approxiiately 50 % from exo-4,5-epoxy-endo-~icyc~o[6.2.1.Oa~7]undec-9-en-3,6-dione. 13C-NMR: 8 13.7 
(OCH&Hs), 45.4,49.3,50.9,53.8 (C,, C6, C7, Ct ), 61.4, 64.1 (Ca, GCI-I$, 133.6, 134.8. 136.2 (C,, Cs, C& 
161.7 (Cs), 173.0 (C.&O). 208.7 (Cs); UV (MeOH?: &_ 229 nm. 

Ethyl 6-deuterio-5-oxo-endo-tricyclo[5.2.1.~$iecu-3,8-diene 2-carboqvlate 6-D-i 
Monodeuterated 1 was prepared as described for a, starting from diisopropylamme (0.11 g, 1.089 mmol), 

n-BuLi (0.7 ml. 1.6 M soln in n-hexane, 1.12 mmol), 1. (0.20 g, 0.917 mmol) and Da0 (0.36 g, 18 mmol). After 
attaining r.t., EbO (25 ml) was added, the yellow lithium salts were removed by fitration and the filtrate was 
concentrated in vucuo. Flash chromatography (silica gel, EtGAc In-hexme = l/10, Rf = 0.3) afforded 6-D-l 
(0.14 g, 70 %) as an oil. ‘H-NMR: 8 1.30 (t, J=7.0 Hz, 3H, WI-I&I-I ), 1.73 A of AB (d, J=9.0 Hz, lH, Ht ), 
1.96 B of AB (d, J=9.0 Hz, lH, H a), 3.16-3.33 (m. 2H, Ht, H7 ), 4.23 (q. J=7.0 Hz, 2H, OCH&I-Is), 5.83-8.02 
(m, 3H, I$,, Hs, I+), 7.29 (d, J=5.h Hz, lH, Hs); IR (CCL): v 1725 (C=G, ester), 1705 (C=G, unsat.), 1585 
(C=C, unsat.) cm- ; EI/MS: m/e 219 (M+), 66 (C,H6); Found 219.102. CtsHtsDOs requires 219.101. 

Ethyl 6-methyl-5-oxo-endo-tricyclo[5.2.1.@~6]deca-3,8-diene 2-carboxylate & 
To a stirred soln of diisopropylamine (0.17 g, 1.68 mmol) in dry THE (10 ml) was gradually added a 1.6 M soln 

of n-BuLi in n-hexane (1 .O ml, 1.6 mmol) at 0 “C. After 20 mitt the mixture was cooled to -78 OC and a soln of 1 
(0.33 g, 1.5 14 mmol) in THE was gradually added using a syringe. After 15 min the mixture was quenched with 
Me1 (0.30 g, 2.11 mmol) in 10 ml of THF. The yellow soln was then allowed to attain r.t. and stirred for 30 min. 
The resulting brown soln was treated with excess of NH&l (10 8 aq) at 0 OC, extracted with diethyl ether (3x50 
ml), washed with water (3x20 ml), dried over MgSO and evaporated in vacua, to give crude a. Flash 
chromatography (Al Os, EtGAc /n-hexane = l/10, R! = 0.45) afforded a (0.33 g. 88 %) as an oil which slowly 
solidified. Recrystal f ization, by cooling a saturated soln of & in EtGH from 20 OC to -17 ‘C, yielded analytically 
pure &, m.p. 74-76 OC; ‘H-NMR: 8 1.26 (t, J=7.0 Hz, 3H, GCI-IQIs), 1.30 (s, 3H, Cs-Me). 1.69-1.96 (m, lH, 
H,,), 2.33-2.53 (m, lH, Hte), 2.68-2.89 (m, lH, H7), 3.09-3.32 (m, lH, Hr), 4.22 (q, J=7.0Hz, 2H, OCH@-&), 
5.79-6.17 (m, 3H, I& Hs, Ha), 7.29 (d. J=5.8 Hz, lH, H ); IR (KBr): v 3060,2980, 1730 (C=G, ester), 1710 
(C=G, enone), 1230,122O cm“; EI/MS: m/e 232 (M+), $04 (M-CO), 159 (M-CGGEt), 131 (M-CO-CGGEt), 66 
(CsI&); CI/MS: m/e 233 (M++l); UV (MeOH): X,_ 227 nm; Found C, 72.27; H, 6.99. Ct4Ht60s requires C, 
72.39; H, 6.94. 

Ethyl 6-ethyl-5-oxo-endo-tricyclo[5.2.1.~f$ieca-3,8-diene 2-carboxylate a 
The procedure as described for a was followed Starting from diisopropylamine (0.56 g, 5.54 mmol), n-BuLi 

(4.0 ml, 6.4 mmol), l(l.0 g, 4.59 mmol) and EtI (1.45 g, 9.29 mmol) gave B (1.291 g, crude yield). After flash 
chromatography (Ala0 , EtGAc / n-hexane = l/10) pure n (868 mg, 77%) was obtained as an oil. H-NMR: 8 
0.81 (t, J=7.6 Hz, 3H, &CI-I$H,), 1.31 (t, J=7.0 Hz, 3H, OCI-I,CH,), 1.72 A of AB (J=9.0 Hz, lH, H,,), 1.93 
(q, J=7.6 Hz, 2H, C -CHa), 2.65 B of AB (d, J=9.0 Hz, lH, Htu), 2.86 (br s, lH, H,), 3.07 (br s, lH, Hi), 4.23 (q, 
J=7 Hz, 2H, OCH$Hs), 5.75-5.89 (m. lH, Hs or Ha), 5.95-6.16 (m, lH, Hs or I-I& 5.96 (d, J=5.9 Hz, lH, I-I& 
7.44 (d, J=5.9 Hz, lH, Hs); IR (Ccl& v 1725,171O cm-‘; EI/MS: m/e 246 @I+), 228 (M+-CO), 145 
(M-CO-COaEt), 66 (CsH& Found 246.1251. C,sH,sO, requires 246.1256. 

Ethyl 6-allyl-5-oxo-endo-tricyclo[5.2.l.O~6]deca-3,8-diene 2-carboxylate 3 
The procedure as described for B was followed. Starting from diisopropylamine (0.59 g, 5.84 mmol), n-BuLi 

(4.0 ml, 6.4 mmol), l(l.0 g, 4.59 mmol) and ally1 iodide (1.15 g, 6.85 mmol) producedcr$e B (1.151 g). Flash 
chromatography (AlaO+ EtOAc /n-hexane = l/20) yielded 2 as an oil (810 mg, 68%) whtch was contammated 
with some &. H-NMR: 8 1.28 (t. J=7.0 Hz, 3H, OCHaCHs), 1.73 A of AB (d, J=9.0 Hz, lH, Hia), 2.58-2.77 
(m, 3H, Hta, C6-CH2), 2.89 (br s, lH, H7), 3.06 (br s, lH, Ht), 4.16 (9.9, J=7.0 Hz, 2H, diastereotopic 
OCHsCHs), 4.88-5.12 (m, 2H. C6-CI-$CHCHs), 5.17-6.13 (m, 4H, H4, Hs, I-Is, C6-CH CHCH ), 7.40 (d, J=5.8 
Hz, lH, Hs); IR (CCL): v 2980,1725,1710,1590 (C=C, unsat.), 1230,910 cm-‘; EI/I&: m/e 58 (M+), 230 
(M-W, 157 (M-CO-CGGEt), 115,66 (C&); Found 258.1251. Ct&Its03 requires 258.1256. 

Ethyl 6-n-heptyl-5-oxo-endo-tricyclo[5.2.1.026]deca-3,8-diene 2-carboglate B 
Diisopropylamine (0.69 g, 6.83 mmol), n-BuLi (4.5 ml, 7.2 mmol), l(1.20 g, 5.505 mmol) and n-heptyl iodide 

(1.4 g, 6.19 m01) were reacted according to the procedure described for 7a, to yield a (810 mg, 47 %) after 
flash chromatography (AlaOs, EtOAc /n-hexane = l/20, Rf = 0.5) as an oii?H-NMR: 8 0.71-1.44 (m, 16H, 
OCHaCHs, C,j-CHaCsHts), 1.69-1.98 (m, 3H, Hta, C&H ), 2.67 B of AB (d, J=9.4 Hz, lH, H,,), 2.82 (br s, 
lH, Hr), 3.02 (br s, IH, Ht), 4.21 (q, J=7.0 Hz, 2H, OCHs~Hs), 5.87 (dd, J=5.6 Hz, J=2.8 Hz, lH, Hs or I-&,), 
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5.95 (d, J=6.0 Hz, lH, IQ, 6.07 (dd, J=5.6 Hz, J=2.8 Hz, lH, H or 
2920,1727.1707,1590.1228 cm-‘; EI/MS: m/c 316 (M+), 288 &i-a), 243 (M-CQOEt),‘l89’(&O-c7H15). 

), 7.43 (d, J=6.0 Hz 1H H ) lR (CQ): v 

117,66 (C&); Found 316.2030. t&,I$sQ requires 316.2038. 

Ethyl 6-benzyl-5-oxo-endo-tricyclo[5.2.1.@6]deca-3,8-diene 2-carboxylate 7e 
The procedure as described for a was followed. Starting from diisopropyae (0.22 g, 2.18 mmol), n-BuLi 

(1.33 ml, 2.13 mmol), A(O.20 g, 0.917 mmol) and ben 
crude yellow oil which consisted of benzyl bromide, 1 

1 bromkk (0.32 g, 1.87 mmol) furnished 0.27 g of a 
3 

(Al2 
% 

diphenylbmmoethane, 3 and &. Flash chromatography 

2 an 
, EtOAc /n-hexane = l/10) gave 1.2diphenylbromoetbane (0.35 mg, Rf = 0.5) and a I:3 molar mixture of 
its Cope rearranged isomer & (Rf = O-25,80 mg, 28 46). These compounds could not be isolated 

separately due to rapid equilibration. Therefom only the lH-NMR- and MS-data of 2 are relevant. 3: ‘H-NMR: 
6 1.07 (t, J=7.0 Hz, 3I-I, OCH$H$. 5.83-6.15 (m, 3H, I&, H , I$), 7.04-7.84 (m, 6H, Ph, H3). The other 
‘H-absorptions were not distinguishable from those of &. E&S: m/e 308 (M+), 280 (M-CO), 217 (M-benzyl), 
117,91 (bet@), 66 (C H& Found 308.1417. C 
‘H-NMR: 8 3.52 (d, J= 3.6 Hz, 2H, Hz), 5.13 (t, imH 

0 requires 308.1412. 1,2-Diphenylbronwethane: 
= 778 I-&z, lH, H,), 7.10 (s, 5H, Ph), 7.25 (s, 5H, Ph); IR (CC&): 

v 3030,1490,1450 cm-‘; EI/MS: m/e 262,260 (M+), 181 (M+-BG C,,H,,+); Found 181.1017. f&HI3 (IW-Br) 
requires 181.1018. 

Ethyl 6-ioa&ethyl-5-oxo-endo-tkicyclo[5.2.1.~~6]deca-3,8-dien 2-carboxylate zf 
Diisopmpylamine (0.60 g, 5.94 mmol), n-B&i (4.0 ml, 6.4 mmol), l(l.00 g, 4.587 mmol) and diiodomethane 

(1.60 g, 5.97 mmol) were reacted according to the procedure described for 3 to yield 1.6 g of a mixture which 
contained 1, zf, sf and polymeric material. Careful flash chromatography (Al 03, EtOAc /n-hexane = l/10, Rf = 
0.2) gave pure 7f (125 mg, 8 %) as an oil. ‘H-NMR: 8 1.36 (t, J=7 Hz, 3H, O&H&I-I,), 1.64 A of AB (d, J=lO.O 
Hz, lH, H, ), 1x4 B of AB (d, J=lO.O Hz, lH, H ,,), 2.82 (br s, lH, H7), 3.18 (br s, lH, H ), 3.60 A of AB (d, 
gg.3HHztilk, C&I&), 3.73 B of AB (d, J=9.3 I&, lH, CS-CH& 4.31 (q, J=7 Hz, 2H, O&H,, 5.85-6.29 (m, 

Ctis4:’ m!;$9 (M++l), 293 (M+l-C&), 231 (M-I), 203 (M-I-CO):67 (C&+1); Foul;d 359.dl49. C14Hl;103 
), 7.56 (d. J= 6.0 Hz, lH, H$; IR (CC14): v 1725 (CEO ester) 1710 (0 enone) 1225 cm-l. 

requires 359.0144. 

Ethyl 7-methyl-l0-oxo-endo-tricyclo~5.2.1.~$ieca-3,8-diene 8-carboxylate &I 
A stirred soln of 7a (423 mg, 1.823 mmol) in C!HClj was refluxed for 15 min. After cooling to r.t. a mixture of 

a and & was ob&ed (molar ratio = 65:35, the average result of thxee ‘H-NMR measurements). Flash 
chromatography (Al 0 , EtOAc /n-hexane = I/20, Rf = 0.25) yielded pure & (128 mg, 30 %) as an oil. 
‘H-NMR: 8 1.30 (t, i=?.O Hz, 3H, OCH$X$, 1.48 (s, 3H, C+H~), 1.80-2.67 (m, 3H, Hs, Ha), 3.22 (t, J=4 Hz, 
lH, HI), 3.43-3.70 (m, lH, Hi), 4.20 (q, J=7.0 Hz, 2H. OCH CH3), 5.24-5.47 (m, 1H. H3 or I&), 5.67-5.83 (m, 
lH, H3 or IQ), 7.11 (d, J=4 Hz, lH, 
1270,1230,1185,1085,1045 cm-l; 

(CC&): v 3060,?980, 1780 (C=O, bridged), 1710 (C--O, ester), 
: m/e 232 (M+), 204 (M-CO), 189 (M-CO-CH3), 159 (M-COOEt), 

131 (Ivl-CO-COOEt), 66 (C&); Found 232.1090. C14H1603 requires 232.1099. 

Ethyl 7-ethyl-lO-oxo-endo-tricyclo[5.2.1.~6]deca-3,8-diene 8-carboxylate & 
Ester 7b (513 mg, 2.085 mmol) was reacted as described for & to produce a mixtu~. of n and & (molar ratio 

= 35:65TH-NMR)). Flash chromatography (A1203, EtOAc ln-hexane = l/20, Rf = 0.25-0.30) yielded pure & 
(274 mg, 53 8) as an oil. ‘H-NMRz 8 0.97 (t, J=7.4 Hz, 3H. C!,-CH CIQ), 1.31 (t, J=7.2 Hz, 3H, OCH,CH,), 
1.62-2.73 (m, 5H, H , J&, +CH,), 3.21 (t, J& Hz, IH, H ), 3.44-$.71 (m, lH, H 
OCH&H,),5.31-5.66(m, lH,H3orHk),5.71-5.84(m, l&H3orH&7.11 (d, J- 3 

,4.22 (q, J=7.2 Hz, 2H, 
.8Hz, 1H,I-$);IR(CC14):v 

3050,2980,1780 (GO, bridged), 1710 (0, ester), 1575 (C=C, unsat.). 1270,1180,1080 cm- ; EI/MS: m/e 
246 (IW), 218 (M-CO), 189,145 (M-CO-COOEt), 117 (M-CO-COOEt-Et), 66 (C&); Found 246.1252. 
(&H1s03 requires 246.1256. 

Ethyl 7-allyl-1O-oxo-endo-tricyclo[5.2.1.026]deca-3,8-diene 8-carboxylate & 
Ester 7c (276 mg, 1.070 mmol) was reacted as described for & to produce a mixture of 7c and & (molar ratio 

= 40:60TH-NMR)). Flash chromatography (Al O,, EtOAc ha-hexane = l/20, Rf = 0.25) Gl&d pure & (153 
mg, 55 %) as an oil. ‘H-NMR: 8 1.31 (t J=7.0 Bz, 3H OCH CH ) 2.16-2.43 (m 2H H ) 2.45-3 11 (m 3H H6, 
CT-CH ) 3.24 (t J=4 Hz 1H H ) 3 4713.71 (m 1H k ) 4.32 (li J=7.0 Hz & dik&otopic k!H &I 5 
4.88-5.$i (m 2fi &-C!&CI-k~ ’ 5.33-5.48 (A lk $orH ) ‘5.k6.18 (A 2fi H or H C$H &&I’) 
7.10 (d, J=3.4 Hi lH, I$); IR (C ?! i4): v 3050,29kO i784 (&I bridged), 17i6 (d=C$ ested 1640 (&=C), l&5 
(C=C, unsat.), 1270,1095 cm-l; EI/MS: m/e 258 (&), 230 (M-CO), 157,115,66 (C&); Found 258.1261. 
C,,H,sO, requires 258.1256. 

Ethyl 7-n-heptyl-lO-oxo-endo-tricyclo[5.2.1.@6]deca-3,8-diene I-carboxylate 8d 
Ester 7d (3 12 mg, 0.99 mmol) was reacted as described for & to produce a rn?&kre of 7d and &l (molar ratio = 

35:65 (w-NMRI). Flash chromatography (Al %. EtOAc ln-hexane = l/20, Rf = 0.6) yiem pure w (152 mg, 
49 %) as an oil. H-NMR: 8 0.71-1.98 (m, 18 h, OCH&!H, q-n-C,H,,), 1.98-2.73 (m, 3H, H,, H6), 3.20 (t, 
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