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Abstract: The preparation of the title compounds is easily accomplished by
cycloaddition of 1,2,3,4-tetrachloro-5,5-dimethoxycyclopentadiene with al-
lylic and homoallylic alcohols yielding tetrachloronorbornene carbinols and
their homologues resp., which cyclize under basic conditions by
nucleophilic addition to the strained double bond. Dechiorination is
achieved by simultaneous or subsequent treatment with sodium in refluxing
ethanol. The range and limitations of this reaction sequence are discussed
and the dependence of the reaction rate of the intramolecular nucleophilic
addition on the structure, the nucleophilicity of the anionic entity and the
presence of the chlorine atoms are demonstrated.

Introduction
Cycloaddition of 1,2,3,4-tetrachloro-5,5-dimethoxycyclopentadiene 1 to olefing yields tetrachloronorbor-
nene derivatives'. This products are easily converted to norbornenes by reductive dechlorination?.
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However, attempts to reduce the adduct of 1 and allylalcohol with sodium in refluxing ethanol2® led mainly
to the tricyclic compound 3 and but small amounts of the expected product3 4

CH, CIOCH3 CH30~,-0CHj CH;30~_-0CH;,
ct 7 _L ~0 + A
Cl” ¢l EtOH
OH 0 OH
2 3 b
scheme 2

With diketal 3 a structural type with several stereocenters is stereospecifically synthesized within two
simple steps starting with easily available symmetrical substrates and cheap reagents. This is a very advan-
tageous premise for the synthesis of complex, low-molecular-weight molecules. Especially so, because the
substitution pattern (B-diketal) and the high energy of strain of 1-ethoxy-2-oxatricyclo[4.2.1 .04'a]nonan-7-
one dimethylketal 3 should permit facile fragmentation to stereospecifically substituted monocyclic com-
pounds in analogy to simpler bridged systems4'5. By this reaction sequence starting with an olefin and yiel-
ding a monocycliccompound, a new stereospecific annulation method is achieved. Compared with other an-
nulation methods based on Diels-Alder reaction and fragmentation of the bridged adducts, this new one has
the following advantages:

» Monosubstituted and cis-disubstituted olefins add exclusively endo to the reactive 1,2,3,4-tetrachloro-
5,5-dimethoxycyclopentadiene ], thus yielding but one sterecisomer.

« Addition of 1 to olefins is a borderline case between aneutrai®and an inverse'2 Diels-Alder reaction, per-
mitting the addition of unactivated olefins so that a very wide range of olefins can be used at moderate reacti-
on conditions.

« Although highly substituted, the tetrachlorodimethoxynorbornene part of the cycloadducts is stable
against a variety of reagents {e.g. oxidation and reduction agents, bases, organometallic compounds and
even agueous acids7), permitting a diversity of modifications in that part of the cycloadduct arising from the
dienophile.

The above mentioned reasons motivated us to test the applicability of the newly found reaction sequen-
ce. Therefore adducts derived from 1 with allylic alcohols, 3-buten-1-ol and acrylic acid were prepared. The
reaction sequence proceeding under the condition of reductive dechlorination was examined in order to opti-
mize the preparation of the doubly bridged compounds.

Results and Discussion
Cycloadditions of ] with allylalcohol, 3-buten-1 -08 and(2)-2-hexen-1 -0l were achieved in high yields by
reaction ofthe neat substances at 130°C - 140°C. To obtain the stereoselectively pure compounds 12and 15
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2-cyc|ohexenone‘° and 2-cyclopentenone respectively were chosen as dienophiles. 2-Cyclohexenone cy-
clized with 1 at 130°C to the tricyclic compound 11. Under the same conditions 1 and 2-cyclopentenonewere
converted to 14 in but moderate yields (30%). However, decrease of temperature to 115°C increased the
yield of 14 to acceptable 79%. The tricyclicketones 11 and 14 were transformed stereoselectively to the en-
do alcohols 12 and 15 respectively with sodium borohydride. Actylic acid reacted with 1 fasterthanthe above
mentioned dienophiles leading to acid 17'*?in good yields. The limitations of cycloaddition with 1 are, as
M.E.Jung’ 1 pointed out already, in the use of trisubstituted olefins. The use of Lewis acids does notimprove
these cycloadditions noticeably, which is in agreement with an inverse Diels-Alder reaction 2, - At elevated
temperatures 1 reacts violently with bases'3, so that the use of allylic amines should be avoided.

Thealcohols2, 5,8, 12, 15 andthe acid 17 were treated with sodiumin refluxing ethanol?® underthe same
conditions. The following products were isolated {(scheme 3):
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Structure determination of the resulting products was based on spectroscopic data. Lack of signals of ole-
finic protons in the 'TH-NMR-and the IR-spectra as well as the presence of signals of an ethoxy group in the
1H-NMR spectrum indicated an addition to the double bondin compounds 3,6, 9, 13,and 16. Furthermore, the
shift of the 16 line pattern of the diastereotopic o-protons of the ethoxy group showed that it has to be part of
an ether or ketal group, and the pattern of the signal itself that it is close to a chiral center. Neither a hydroxy
group norchlorine atoms were encountered. Therefore ring closure and subsequent substitution of the gemi-
nal chlorine by ethoxide were assumed. The coupling constants of the protons of the norbornane partindicat-
edthatthe cyclization has ledto the five membered heterocycle in the case of compounds 3, §,13, and 16, and
to the six-membered heterocycle in compound 9.

The ratio of cyclized products (3, 6 and 9 resp.) to norbornene derivatives (4, 7 and 1Q resp.) shifted in fa-
vour of the cyclized products, if the period of sodium addition was extended, thus indicating that the cycliza-
tion is a concurring reaction to the reductive dechlorination. Obviously this reaction is base initiated. To test
this assumption the tetrachloronorbornene derivatives 2,8, and 12 were treated with sodium ethoxide in re-
fluxing ethanol. The conversion to products 19, 20, and 21 was completed within 4 hours, 12 hours, and 10
minutes respectively (scheme 4).

CH;0___OCH,4 CH,0._0OCH, CH;0.__OCH,
Cl Cl
Cl NaOEt Na
/ — ¢ — O
Ci” ¢ HOEt Ct E+OH
( N OH )n O )n
2 n=1 19 3
8 n=2 20 9
CH,0.__0OCH CH;0 OCH,4
NaOEt
J . 0%
Cl” ¢i B HOEt Cl
HO"*
12 2
scheme 4

The long range coupling of the proton in geminal position to the chlorine atom with the exo proton at C-6in
the "H-NMR spectrum proved that the proton of the solvent attacked the exo side of the norbornene, exclu-
sively.
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Thus, the reaction, which proceeds in protic solvents under basic conditions, is & nucleophilic trans addi-
tion to the double bond followed by substitution of the geminal chlorine atom of the newly formed, a-chloro-
ether by ethoxide. This was confirmedby the recently published cyclization of the adduct of 1and methacrylic
amide under basic conditions (Thompson et al.'4).

To transform this reaction sequence in a preparative method the adducts of 1 and allylicalcohols as well
as 3-buten-1-ol were pretreated with sodium ethoxide and by subsequent addition of sodium convertedto 1-
ethoxy-2-oxatricyclo[4.2.1.0*8Jnonan-7-one dimethylketals 3and 6, and 1-ethoxy-2-oxatricyclo[5.2.1.059-
decan-8-one dimethylketal 9 respectively in good to excellent yislds.

Normally nucleophilic addition to the isolated double bond is not or only under forcing conditions to
achieve5. Butin the cases underdiscussion several favourable factors are responsible for the comparative-
ly mild conditions.

The inductive effect of the chlorine atoms renders the double bond electron deficient, thus faciiitating the
nucleophilic attack. The negative charge which develops at the vicinal carbon atom during nucleophilic at-
tackis stabilized by the chlorine atom attached to this carbon atom'®. The importance of the presence of the
chlorine atoms could be demonstrated. The dechlorinated compound 4 did not cyclize under the same reac-
tion conditions even with prolonged reaction times. Compound 22, although altered by the adaption of the

geminal dimethyl groups (Ingold-Thorpe effect), did not undergo nucleophilic addition under identical reac-
tion conditions.

CH40.__OCH,
EtONa
/ —X—
EtOH
HO\:R
4 R:zH
2 RzCHy
scheme 5

Nucleophilic additions to polyhalogenated double bonds are known'7:21, but to our knowledge the reac-
tions under discussion and Thompson'’s results'? are the first examples of nucleophilic attack to a vicinal
dichloroolefin under moderate conditions.

The facility of this nucleophilic addition is attributable to the fact that this is an intramolecular reaction (we
were unable to detect products deriving from concurring intermolecular addition of ethoxide under these re-
action conditions) and to the high reactivity of the norbornene double bond?8.

To which extent different factors are contributing to the acceleration of intramolecular reaction compared
to intermolecular ones is subject to controversal explanations?2-26,
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inthe reactions under discussion the inflexibility of the bridged molecules?’,the shon distance as weli as
the stereoelectronically favourable position of nucleophile and double bond??, strain release and/or reduc-
tion of repulsive forcés in the late transition state81924 promote the reaction rate.

The difference in the ratios of cyclization product to norbornene derivative in the first (five) examples in
scheme 3 seems mainly to reflect the entropic parameters, as the ratios increase with the decrease in num-
bers of rotational degrees of freedom. But to answer this question would imply to verify more than one as-
sumption. For example:i) The rate of the dechlorination is similar in each case; in a rough approximation this
seemsto bethe case asthe same tendencyis foundinthe rate of cyclization of2to 19,810 20, and 12 to 21 with
sodium ethoxide in ethanol (scheme 4). i) The cyclization s either a concerted reaction as was proven for the
nucleophilic intramolecular addition to the isolated double bond 81920 or a retro- E1cB- reaction with slow
rate of nucleophilic addition and fast protonation step as H.F. Koch et al.'7 have ascertained for the nucleo-
philic attack on polyhalogenated olefins and A.J. Kirby et al. '8 forthe intramolecular addition to the monosub-
stituted triple bond. iii) The consecutive substitution reaction is not rate determining.

In the last example of scheme 3 the failure to cyclize acid 17 is attributable to the weaker nucleophilicity
(basicity) of the carboxylate anion compared with the aicoholate, because steric hindrance and entropic fac-
tors can be excluded as main causes by comparison with Thompson's results'.

Conclusion

We developed a simple method to prepare 1-ethoxy-2-oxatricycio[4.2.1.0*8Jnonan-7-one dimethyi-
ketals and one homologue, which are convenient intermediates torthe preparation of stereospecificaltly sub-
stituted cyclopentanone and cyclohexanone derivatives3?. The range and limitations of this reaction se-
quence consisting of a Diels-Alder reaction, nucleophilic addition to the doubie bond and consecutive substi-
tution ofthe chilorine atom ofthe a-chloroether with ethoxide were demonstrated. The dependence of the re-
action rate on the structure of the compounds, on the nucleophilicity of the addend, and the existence of the
chlorine atoms attached to the olefin were demonstrated.

Experimental

General notes: 'H-NMR- and '3C-NMR spectra were recorded on a Bruker Spectrospin WM 250 (250
MHz). Tetramethylsilane served as internal standard. Mass spectra were recorded on a spectrometer CH-7
(varian) and IRspectra on a Perkin Elmer 377 spectrometer. The data of the recorded IRspectra are repro-
duced only in part for substances with significant bands. Melting points were obtained using a Reichert "Ko-
fler” hot stage microscope and are uncorrected. Adsorption chromatography was conducted on silica gel
(70-230 mesh ASTM, Merck) or aluminium oxide 90 standardized acc. to Brockmann (70-230 mesh ASTM,
Merck). Silica gel (230-400 mesh ASTM, Merck) was used for flash chromatography.

General procedure: According to B.V.Lap and M.N.Paddon-Row?2® 50 equ. sodium in small pieces
were added to a refluxing solution (0.2M) of 1 equ. tetrachloronorbornene derivative in ethanol within 2 h. 45
min after starting the reaction an additional amount of 15% of the original amount of ethanol was added and
again after 75 min to maintain stirring. After the addition of sodium was finished (2 h) the refluxing was contin-
ued for 1hr. The cooled mixture was treated with crushed ice. After the ice had melted the solution was ex-
tracted six times with dichloromethane. The org. layers were washed with brine, dried over MgSO,, and the
solvent evaporated. The resulting reaction mixture was purified by chromatography on silica gel.

®-(1S*,4R*,5R*)-1,2,3,4-Tetrachloro-5-hydroxymethylbicyclio[2.2.1}hept-2-en-7-one dimethyl-
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ketal (2):1(8.3g; 32mmol), allyl alcohol (1.74g; 30mmol), and atrace of hydrogquinone were heated under an
atmosphere of argon in a sealed tube at 140°C for 70 h. The reaction mixture was distilled (Kugelrohr;
0.02mm) and the resuiting crystals recrystallized from petroleum ether : diethyi ether yielding 2 (8.4g; 82%).
Instead of distillation and crystallization purification by chromatography on silica gel with petroleum ether :
diethylether=1:1is possible. IR(CCI 4)(cm'1):3640, 3630. 1H-NMI-‘!(CDCI;,)(G): 1.58(1H){exchangeable with
D,0) O-H; 1.65(dd)(1H) Jg g= 11.5Hz, Jg g0 5= 4.5Hz C-H(6endo); 2.52(dd)(1H) Jg g= 11.5HZ, Jgg, 0 5=9H2
C-H(Bexo); 2.89(m)(1H)Jg gayo=9IHZ, J5 gendo=4-5HZ, J5 1-3= 7HZ, J5 115=5Hz C-H(5);3.38(dd)(1H) J4- 4=
10.5Hz, J;-, 5= 7Hz C-H(1"a); 3.56(s)(3H) OC-Hg; 3.62(s)(3H) OC-Hy; 3.77(dd)(1H) - 4= 10.5Hz, 4 5=
5Hz C-H(1b). 13C-NMI’!(CDCI:,)(S) 39.5C-6;48.9C-5;51.6 OCH,;52.70CH,; 62.3C-17,74.6 C-1;77.1C-
4;112.0 C-7; 128.1 C-3; 130.3 C-2. MS: 289(33%), 287(98%), 285(100%)(M*-Cl); 257(11%), 255(28%),
257(28%) (M*-CHZOH -Cl).

Treatment of 2 with sodium in ethanol: (+)-(1R*,4S*6S*8R*)-1-Ethoxy-2-oxatricyclo[4.2.1.0%8}
nonan-7-one dimethylketal (3) and (+)-(15*,45*,55*)-5-hydroxymethylbicyclo[2.2.1]hept-2-en-7-one
dimethylketal (4). 2(2.14g; 7mmol) was treated as described under general procedure. After chromatogra-
phy on silica.gel with petroleum ether : diethyl ether = 1 : 3 compounds 3 (1.15g; 76%) and 4(0.19g; 15.5%)
were obtained.

#)-(1R*,45*,65*,8R*)-1-Ethoxy-2-oxatricyclo{4.2.1 .04'8]nonan-7-one dimethylketal (3): A) Sodium
(3.5g) was added to a refluxing solution of ethanol (abs. ; 40 ml) and stirred under refiux until all of the sodium
was converted to sodium ethoxide. A solution of 2(1.3g) in ethanol (abs.; 4ml) was added and the stirring un-
der reflux was continued for 3 1/2 h. After this period sodium (3.5¢) in small pieces was added within 1 1/2 h.
After work up and purification as mentioned above 3(0.819g; 89%) was obtained as colourless oil. B) Toare-
fluxing solution of 19 (380mg) in ethanol (abs.,10 ml) sodiumin small pieces was added within 1 h. The reac-
tion mixture was stirred under reflux for one further hour. After work up as mentioned above 3(234mg; 89%)
was obtained as sole product.

3 1H-NMR(CDCI:,)(&: 1.15(m)(1H) Jg 5= 12Hz, Jggngo 4= 2Hz C-H(Sendo); 1.23(t)(3H) J,- 4= 7Hz C-
H(2°); 1.6(m)(1H) Jg g= 11.5Hz, Jg g= 2Hz C-H(9endo); 1.29-2.16(m)(3H) C-H(5ex0,6,9exo); 2.52(m)(1H)
C-H(8);2.57(m)(1H) J, 3= 4H2Z, J 4 5x0=8.5H2,Jyeng0 5= 1.5H2C-H(4); 3.25(s)(3H) OC-H3; 3.27(s)(3H) OC-
Hg; 3.55(m)(1H) Jy- 4= 8.3Hz, Jy-3 o= 7Hz C-H(17a); 3.7(m)(1H) Jy- 4-= 8.3Hz, Jy+ ;= 7Hz C-H(1'D);
3.61(d)(1H) Jz3= 7.7Hz C-H(3endo); 3.92(dd)(1H) Jz3= 7.7Hz, Jge04= 3Hz C-H(3exo). Bc
NMR(CDCI,X9): 15.8 C-2";34.6 C-5;37.8 and 38.4 C-4 and C-6;44.0 C-9; 48.2 C-8; 49.7 OCH3; 50.8 OCH,;
58.6C-17;71.6C-3;114.1and 114.4 C-1and C-7. MS: 228(M*)(5%), 213(M*-CH3)(23%), 199(M*-Et)(14%),
198{M*-CH,0)(100%).

4: IR(CCI4)(cm“) 3640, 3410 br., 3070,1580. 1H-NMR(CDCI:,)(&: 0.56(dd)(1H) Jg g= 11.3Hz, Jgengo 5=
4.2Hz C-H(6endo); 1.86(br.)(1H)(exchangeable with D,0) O-H; 2.03(m)(1H) Jg g= 11.3Hz, Jggyq 1= 4.5H2,
Jgexo,5=8-7Hz C-H(6ex0); 2.51(m)(1H) J5 gexo=8.7HZ, J5 gendo=4-2HZ, J5 1= 10.8Hz, Jg 1 15= 7HZ C-H(5);
2.81(1)(1H) J, 5= Jq g=3Hz C-H(1); 2.98(t)(1H) J 4 3= J 4 5= 3Hz C-H(4); 3.17(s)(3H) OC-H,; 3.24(s)(3H) OC-
Hy:3.31(dd)(1H) Jy- 4-=10.5Hz, J-, 5= 10.8Hz C-H(1 a); 3.37(dd)(1H) J,- 1= 10.5Hz, J, 4, = 7THz C-H(1b);
6.0(m)(1H) J3 ,=5.7Hz, J3 4= 3Hz C-H(3); 6.12(m)(1H) J 3= 5.7Hz, J, 4= 3Hz C-H(2). 13¢. -NMR(CDCI,)(9):
27.3C-6;39.1C-5;44.8C-1,46.5C-4;49.7 OCH,; 51.9 OCH,4;65.0C-17;,119.5C-7;130.8 C-3; 134.4 C-2.
MS: 184(M*)(19%), 153(M*-OCH3)(53%), 45(100%).

@)-(1R*,4R*,6S*,85*,9S*)-1-Ethoxy-6,8,9-trichloro-2-oxatricyclo[4.2.1.0°%Jnonan-7-one  dime-
thylketal (19): Sodium (1.9g) in small pieces was added to ethanol (abs., 20mi) under reflux. Afterthe sodium
was convertedto sodium ethoxide 2 (650mg) dissolvedin ethanol (abs., 2ml) was added to the refluxing solu-
tion and kept underreflux for 7 h. To the cooled reaction mixture ice water was added and the solution extract-
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ed with dichloromethane for several times.The org. layers were washed with brine, dried over MgSO,and the
solvent evaporated. The resulting crystals were recrystallized from petroleum ether yielding 19 (590mg;
88%; m.p.70-72°C). 1H-NMR(CDCI3)(&: 1.27(t)(3H) J;- 5=7Hz C-H(27); 2.18(dd)(1H) Jg 5= 12Hz, J5engo 4=
2.5Hz C-H(5endo); 2.46(m)(1H) J5 5= 12Hz, Jgeyp 4= 11HZ, J5eyp 9= 2.5Hz C-H(5ex0);2.68(m)(1H) J4 sx0=
11Hz, J4 30x0=4HZ, J4 56ndo= 2.5Hz C-H(4); 3.67(s)(6H) OC-H3; 3.79(d)(1H) J;3 3= 8.3Hz C-H(3endo); 3.73-
3.95(m)(2H) C-H(1"); 4.31(dd)(1H) J3 5= 8.3Hz, J3,, 4= 4Hz C-H(3exo); 4.61(d)(1H) Jg 5= 2.5Hz. B3¢
NMR(CDCIg)?®): 15.6 C-27;37.6 C-5,46.1 C-4,51.20CH;; 562.0 OCH,;60.5C-17;71.4C-3;71.5C-6,71.7C-
9; between 76.6 and 77.6 C-8;103.0 C-7; 106.6 C-1. MS: 297(M*-CI1)(18%), 295(M*-CI)(28%), 193(69%),
191(100%).

()-(18*,4R*,5R*,6R*)-1,2,3,4-Tetrachloro-5-hydroxymethy!-6-propylbicyclo[2.2.1]hept-2-en-7-
one dimethylketal (8): (Z)-2-Hexen-1-01(1g), 1 (2.64g), and atrace of hydroquinone under an atimosphere
of argon were heated in a sealed tube at 130°C for 3 d. The reaction mixture was chromatographed on silica
gelwith petroleum ether : diethyl ether=10:1 yielding 5(2.67g;73%) as colourless oil. IH(CCI4)(cm"): 3640,
3500 br., 1610. 1H-NMR(CDCI3)(6): 0.91(t)3H) Jg- o= 7Hz C-H(3"); 1.17-1,33(m){2H) C-H(2"); 1.39-
1.57(m)(2H) C-H(1"); 1.71(1H)(exchangeable with D,0) O-H; 2.76(m)(1H) Jg 5= 9.2Hz, Jg 1=3= 7.9Hz,
Jg,1-p= 4.7Hz C-H(6); 2.9(m)(1H) Jg g= 9.2Hz, Jg 1= 7.1Hz, Jg 1= 5.1Hz C-H(5); 3.54(s)(3H) OC-Hj;
3.58(dd)(1H)Jy- 1-=11.5Hz, J4-, 5=7.1Hz C-H(1"a);3.61(s)(3H) OC-Hy; 3.83(dd)(1H) J;- 4-=11.5Hz,J 4, 5=
5.1Hz C-H(1'b). ‘3C—NMR(CDCI3)(5) 14.3 C-3"; 22.4 C-2"; 27.1 C-1"; 49.3 OCHg; 51.7 C-5 or C-6; 52.0
OCH,;52.7C-50rC-6;59.0C-1",77.8C-10rC-4,79.4C-10rC-4,111.4C-7,128.2C-20rC-3;128.5C-20r
C-3. MS: 333(6%), 329(94%), 327(M*-CI)(100%).

Treatment of § with sodium in refluxing ethanol: (3)-(1R*,4S*,5R*,6R*,8R*)-1-Ethoxy-5-propyl-2-
oxatricyclo[4.2.1.0"°]nonan-7-one dimethylketal (§) and (3)-(1R*,4S*,5R",6R*)-5-hydroxymethyl-6-
propyibicyclo[2.2.1]hept-2-en-7-one dimethylketal (7). § (0.5g; 1.37mmol) was treated as described un-
der general procedure. Separation on silica gel with petroleum ether : diethyl ether =9 : 1 yielded §(210mg;
57%) and 7 (70mg; 23%).

@)-(1R*,4S*,5R*,6R*,8R*)-1-Ethoxy-5-propyl-2-oxatricyclo[4.2.1.0*®Jnonan-7-one dimethyiketal
(8): Sodium (0.35g) was added in small pieces to refluxing ethanol (abs.; 6mi). After sodium was convertedto
sodium ethoxide a solution of § (540mg) in ethanol {abs.; 1.5ml) was added and stirring under reflux contin-
ued for 3 h. After this period sodium in small pieces (1.2 g) was added to the refluxing solution within 1 1/2 h.
Work up and chromatography as mentioned above yielded § (360mg; 81%).

§:1H-NMR(CDCI3)(6): 0.93(t)(3H) J3- o= 7.3Hz C-H(3"); 1.23(t)(3H) J5- = 7.3Hz C-H(2"); 1.30(m)(4H)
Wyo= 18Hz C-H(1",2"); 1.77(dd)(1H) Jg g= 13.8Hz, Jggng0 6= 1-9Hz C-H(Sendo); 2.04-2.14(m)(2H) Jg o=
13.8Hz, JSexo,6= 3.8Hz, J9exo.5= 1.5Hz C-H(9exo); Js,5= 1.5Hz, J6,9endo= 1.9Hz, J6,8= 1Hz C-H(6);
2.32(br.m)(1H) wqp= 20Hz C-H(5); 2.52(ddd)(1H) Js5= 9.4Hz, Jsg= 4.8Hz, J4,3B= 3.2Hz C-H(4);
2.58(dd)(1H) Jg 4=4.8Hz, Jg g= 1Hz, C-H(8); 3.27(s)(6H) OC-Hg; 3.53(part A of an ABX;-system)(1H) J;- y-=
9.3Hz, Jy-5 o= 7.3Hz C-H(17a); 3.68(part B of an ABXy-system)(1H) J;- 4-=9.3Hz, J, o-=7.3Hz C-H(1 b;
3.67(part A of an ABX-system)(1H) J; 5= 8.5Hz C-H(3at); 3.73(part B ofan ABX-system)(1H) J; 5= 8.5Hz,
JaB =3.2Hz C-H(3p). 13C-NMI'-1(CDCI3)(8) 14.3C-3";15.8C-2";21.7C-2";29.0 C-1"; 38.0 C-9; 38.1, 40.8
and41.2C-4,C-5and C-6;49.7 C-8;49.73 OCH,; 50.6 OCH,, 58.6 C-17,65.7C-3; 112.1and 114.0C-1 and
C-7. MS: 270(M")(7.5%), 239(M*-OCH3)(29%), 225(M*-OE1)(24%), 195(M* -CH4-O-CH=0-CH,)(10%),
109(70%), 88(100%). High resolution mass spectrum: found: 270.1792 £0.0027, calc.: 270.183".

z IR(CCIA)(cm“): 3640, 3500 br., 3070. ’H-NMR(CDCI3)(5): 0.90(t)(3H) Jg- = 7Hz C-H(3"); 1.09-
1.47(m})(4H) C-H(1",2"); 1.62(1H)(exchangeable with D,0) O-H; 2.41(tt)(1H) Jg,17a= Vg 5= 9.5Hz, Jg 1=
Jg 1= 4Hz C-H(6); 2.52(tdd)(1H) Jg g= Jg 1 = 9.5Hz, Jg 4 ;= 6.5Hz, J5 4= 4Hz C-H(5); 2.90(m)(1H) w4 p=8Hz
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C-H(1); 2.89(m)(1H) w, = 8Hz C-H(4); 3.16(s)(3H) OC-Hy; 3.24(s)(3H) OC-Hg; 3.33(dd)(1H) J,- ;= 10Hz,
J1,5=9.5Hz2 C-H(1'); 3.52(dd)(1H) J;- 1= 10Hz, J;-, 5= 6.5Hz C-H(17a); 6.17(m)(2H) w, = 7Hz C-H(2,3).
‘3C-NMR(CDCI3)(8) 14.3C-3"; 22.1 C-2";29.8 C-1"; 39.1 and 42.0 C-5 and C-6; 48.0 C-1; 48.7 C-4; 49.7
OCHs; 51.8 OCHg; 62.4 C-17; 118.3 C-7; 132.4 and 133.0 C-2 and C-3. MS: 226(M*)(24%), 195(M*
CH,0H)(100%), 183(M*-CaHy)(40%), 75(CH3-0O-CH=0"-CH3)(70%).

#)-(18*,4R*,55*)-1,2,3,4-Tetrachloro-5-(2"-hydroxyethyl)bicyclo[2.2.1}hept-2-en-7-one  dime-
thylketal (8): 1(5g), 3-buten-1-ol (1.16g), and a trace of hydroquinone were heated under an atmosphere of
argon in a sealed tube at 140°C for 64 h. The reaction mixture was distilled (Kugelrohr; 0.02mm) yielding 8
(4.969;92%) as colourless ail. IR(CCI,,)(cm"): 3640, 3360br., 1610. 1H-NMR(CDCI:,)(S): 1.16(m)(1H)Jy- 4=
13.5Hz,Jy-3 5= 11H2,Jy-53 9-5=dy 5 2= 5-6Hz C-H(1"a); 1.54(dd)(1H) Jg g= 11.5HZ, Jgengo 5= 4Hz C-H(6en-
do); 1.85(1H)(exchangeable with D,0) O-H; 1.9(m)(1H) J4- y-= 13.5Hz, Jy 5:5= Jqp 2= 6.7-7THZ, Jy 5=
3.5Hz C-H(1'D); 2.52(dd)(1H) Jg g= 11.5Hz, Jg,,, 5= 9Hz C-H(Bexo); 2.75(m)(1H) Jg 1-,= 11HzZ, Jg 1=
3.5Hz, J5 gexo=9HZ, Jg gengo=4Hz C-H(5); 3.56(s)(3H) OC-Hj; 3.61(s)(3H) OC-Hg; ~3.6(m)(1H) J,- »-=8Hz,
Jpa 1= 5-6HZ, Jy-g 1= 7Hz C-H(2"a); 3.71(m)(1H) Jp- 5= 8H2Z, Jyp, 1-5= 5-6Hz, o 1= 7HZ C-H(2'D).
13C-NMF!(CDCI._;)(S): 32.8C-17,41.8C-6; 44.1 C-5;51.5 OCHg; 52.6 OCHg; 60.2 C-2;74.7 C-4,79.0 C-1;
111.8 C-7; 128.6 C-3; 130.0 C-2. MS: 303(16%), 301(40%), 299(42%)(M*-Cl); 257(M*-CI -EtOH)(4.5%);
43(100%).

Treatment of § with sodium in refluxing ethanol: ()-(1R*,5R*,75*,9R*)-1-Ethoxy-2-oxatricyclo-
[5.2.1 .05'9]decan-8-one dimethylketal (9) and (1)-(1$*4R*,5R*)-5-(2"-hydroxyethyl)bicyclo[2.2.1}-
hept-2-en-7-one dimethylketal (10). 8 (1.5g) was treated as described under general procedure. Chroma-
tography on silica gel with petroleum ether : diethyl ether = 3 : 1 yielded 9 (214mg; 20%) and 10 (430mg;
49%).

@)-(1R*,5R*,7S*,9R*)-1-Ethoxy-2-oxatricyclo[5.2.1.05*Jdecan-8-one dimethylketal (9): 20 (1.33g)
was dissolved in ethanol (abs.,30ml) and sodium (3g) in small pieces was added to the refluxing solution
within 2 h. Work up and chromatography as mentioned above 9 yielded (884mg; 95%).

9 1H-NMIR(CDCI:,)(S)ﬂ A{dd)(1H) Jg g= 12HZ, Jggngq 5=4Hz C-H(6endo); 1.2(t)(3H) J,- .= 7Hz C-H(2);
1.35(m)(1H) J4 4= 14HZ, J 40040 3endo= Yaendo, 5= 2-3Hz C-H(4endo); 1.66(d)(1H) J,g o= 13Hz C-H(10en-
do); 1.76(m)(1H) J4 4= 14HZ, J4e0 3endo= 12HZ: J4exo 3exo= BHZ: Jaexp 5= 3-5Hz C-H(4exo); 1.92(m)(1H)
Jg.6= 12HZ, Jggxo 5= 10HZ, Jgayo 7= 4-5HZ, Jgexo 10exo= 2-5HZ C-H(Bexo); 1.98(d)(1H) Jg 5= 4Hz C-H(9);
2.15(m){(1H)Jyg 10= 13HZ, 1 9ex0 7= 4-5HZ, J4ggx0 sexo= 2-5HZ C-H(10ex0); 2.26(m)(1H) J7 4 06x0= Y7 pexo=
4Hz C-H(7); 2.53(m)(1H) J5 gexo= 10HZ, J5 4endo=3-5H2, Jg gendo="5 4ex0= J5,9= 3-4HZ C-H(5);3.23(s)(3H)
OC-Hy;3.28(s)(3H) OC-Hj; 3.58(q)(2H) J1 - o-=7Hz C-H(17);3.7(M)(1H) J3 3= 12H2Z, U340 4ex0= 12HZ. 3en.
do.dendo= 3-5Hz C-H(3endo); 3.83(m)(1H) J3 3= 12H2, J3ay0 sexo= BHZ: Jaexo sendo= 1H2Z C-H(3exo). 13C-
NMR(CDCI;X8):15.76 C-2",27.3 and 29.5 C-4 and C-6;29.2 C-5; 36.9 C-10; 39.3 C-7;45.9 C-9; 49.3 OCHg;
51.0 OCHg; 56.75 C-1; 58.9 C-3; 104.4 C-1; 113.3 C-8. MS:242(M*)(3.4%), 227(M*-CH3)(35%), 197(M*-
OEt)(100%}), 109(45%).

10: IR(CCl ) (em™): 3640, 3480, 3070. "H-NMR(CDCIgX9): 0.61(dd)(1H) Jg g= 11.5Hz, Jggngo 5= 4-2Hz
C-H(6endo); 1.32(m)(1H) J;- 1= 13.8Hz, J;-5 5= 8HZ, J1-5 = 6.5Hz C-H(1"a); 1.46(m)(1H) J,- ;= 13.8Hz,
Jips="7.5Hz, Jy o-=6.5Hz C-H(1'D); 1.96(1H)(exchangeable with D,O) O-H; 2.08(m)(1H) Jgg=11.5Hz,
Jgexo,5=8-5Hz, Jggyo 1=4.2Hz C-H(Bex0); 2.34(m)(1H) J5 gexo=8.5HZ, J5 gendo=4-2H2, J5 1-5= 8HZ, J5 1 1=
7.5Hz, J5 4= 3.5Hz C-H(5); 2.77(dd)(1H) J; g=4Hz, J; ;= 3Hz2 C-H(1);2.82(dd)(1H) J 4 5=3.5Hz, J4 3= 3Hz C-
H(4);3.16(s)(3H) OC-Hg; 3.21(s)(3H) OC-Hy; 3.61(t)(2H) J5- 1-3=Jp- 11p=6.5Hz C-H(2"); 6.02(dd)(1H) J; =
6.7Hz, J3 4= 3Hz C-H(3);6.19(dd)(1H) J, 53=6.7Hz, J, 1= 3Hz C-H(2). 13C-NMR(CDCl:,)(&) 30.7C-6;32.6C-
5;36.7C-17,45.0 C-1, 48.3 C-4,49.6 OCH,4; 51.8 OCH,4; 61.3 C-27;119.4 C-7; 130.8 C-3; 134.2 C-2. MS:
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198(M*)(28%), 167(M*-OCH3)(17%), 153(M*-CH,CH,0H)(77%), 105(76%), 91(79%), 79(100%), 77(91%),
75(88%).

@)-(1R*,55*,7S*,95*,105*)-7,9,10-Trichloro-1-ethoxy-2-oxatricyclo[5.2.1.05°|decan-8-one dime-
thyiketal (20): Sodium (2g) in small pieces was added to refluxing ethanol (abs., 30ml). After conversion to
sodium ethoxide a solution of 8 (1.65g) in ethanol (abs.; 9ml) was added and refluxing continued for 20 h. Af-
ter work up as mentioned above chromatography on silica gel with petroleum ether : ethyl acetate =9 : 1
yielded crystalline 20 (1.33g; 79%; m.p. 82.5-83.5°C). 1H-NMFI(CD(:Ia)(Q: 1.24(t)(3H) J 1=7.2Hz C-H(2);
1.35(m)(1H) J4 4= 15HZ, J 4050 3ex0= 4HZ: J4ex0 3endo= Yaexo 5= 3-5Hz C-H(4exo); 2.06(m)(1H) J4 4=15Hz,
Jaendo 3exo= 13H2, Jaendo 3endo= BHZ, Jaengdo 5= 3-5Hz C-H(4endo); 2.20(m)(1H) Jg g= 13Hz, Jgendo,5=
5.5Hz C-H(6endo); 2.28(m)(1H) Jg 6= Jgexo 5= 13H2, Jgexo,10= 2HZ C-H(6ex0); 2.81(m)(1H) J5 gexo= 13Hz,
J5,6endo= 5-5HZ, J5 4endo= Js,4ex0= 3-5HZ C-H(5); 3.64(s)(3H) OC-Hg; 3.67(s)(3H) OC-Hj; 3.66(dq)(1H)
Jy 4= 10HZ, Jy -5 5= 7.2Hz C-H(17a); 3.88(dq)(1H) J4- y-= 10HZ, Jy-p 5= 7.2Hz C-H(1'D); 3.9(m)(1H) J3 3=
13H2, J3gndo 4= BHZ, J3endo 4= 3-5H2 C-H(3endo); 4.4(td)(1H) U3 3=Jaeyo 4= 13HZ, J3ey 4= 4HZ C-H(3ex0);
4.75(d)(1H) 10 gexo= 2H2C-H(10). 13C-NMR(CDCI,)(®):15.3C-2";21.4C-4;32.8 C-6;37.5C-5;,51.1 OCH;;
51.7 OCHg; 57.7 C-1",60.1 C-3; 71.6 C-10; 71.8 C-7; 72.4 C-9; 97.0 C-1; 103.3 C-8. MS: 346(M*)(0.3%),
344(M%)(0.3%); 313(13%), 311(66%), 309(M*-Cl1)(100%).

*-(1R*,2R*,7R*,85*)-1,8,9,10-Tetrachloro-11,11-dimethoxytricyclo[6.2.1 .02'7]undec-9-en-3-one
(11): 1 (408g; 15.5mmol), 2-cyclohexenone (1.3g; 13.5mmol), and a trace of hydroquinone were heated un-
der an atmosphere of argon in a sealed tube at 130°C for 93 h. The reaction mixture was distilled (Kugelrohr,
0.02mm) and the resulting crystals recrystallized from petroleum ether/diethyl ether yielding 11 (3.159;65%;
m.p. 115°C). IR(CClg)(cm™): 1723, 1602. "H-NMR(CDCl)(®): 1.00(m)(1H) Jg 6= Joendo7= Jsendo Sexo™
12.5Hz, Jgendo sendo= 3HZ C-H(6endo); 1.80(m)(1H) Jsexo sendo= 12-5HZ. Jsexo 4exo= 7HZ C-H(Sexo);
1.92{m)(1H) JSQMO_Semf 3Hz C-H(Sendo); 2.06(m)(1H) Jgg= 12.5Hz, Jgoyo 7= 5.5Hz C-H(Bexo);
2.19(m)(1H) J4 4= 18H2Z, J4ng0 5= 10HZ, J 40040 5= 8HZ C-H(4endo); 2.45(m)(1H) J, 4= 18HZ, 450 50x0=
7HZ, J 4040 5endo= Yaexo sexo= 2HZ C-H(4exo); 3.26(m)(1H) J7 5= 10,5Hz, J7 ggngo= 12.5HZ, J7 geyo= 5-5Hz
C-H(7); 3.39(d)(1H) J, = 10.5Hz C-H(2); 3.58(s)(3H) OC-Hy; 3.64(s)(3H) OC-H3.‘3C-NMR(CDCl3)(5):20.3
and22.5C-5and C-6;38.8 C-4;49.9C-7;51.8 OCH5;53.0 0CH4; 56,7 C-2;75.8 C-8;78.1 C-1; 112.9 C-11;
129.2 C-9; 131.2 C-10; 207.0 C-3. MS: 327(5%), 325(13%), 323(M*-C1)(16%); 31(100%).

#)-(1R*,2R*,3S*,7R*,85*)-1,8,9,10-Tetrachloro-3-hydroxytricyclo[6.2.1 .02’7]undec-9-en-1 1-one
dimethylketal (12): 11 (4.95g; 13.7mmol) was dissolved in methanol (42.5ml) and cooled to 0°C. After addi-
tion of an excess of sodium borohydride the reaction mixture was stirred at 0°C for 5 h. Addition of water was
followed by extraction with dichloromethane forfive times. The org. layers were washed with brine, dried over
MgSQ, and the solvent evaporated. The resulting product was crystallized from petroleum ether : diethyl
etheryielding 12 (4.29g; 86%; m.p. 171°C). IR(KCI)(cm™): 3520, 1610. "TH-NMR(CDCl3X): 1.2-1.95(m)(6H)
C-H(4,5,6); 1.48(1H)(exchangeable with D,0) O-H; 2.55(m)(1H) J, = 10.3Hz, Jya= 4Hz C-H(2);
2.65(m)(1H) J7 gengo=12.9Hz, J7 o= 10.3Hz, J; gy = 4.3HZ C-H(7);3.57(s)(3H) OC-Hg;3.61(s)(3H) OC-Hy;
4.33(m)(1H) w4 p=8.3Hz C-H(3). 13C-NMR(CDCI3)(3): 16.6C-5;17.9C-6;16.9C-4;47.7C-7;50.5C-2;51.5
OCH; 52.9 OCH; 64.4 C-3; between 76.5 and 77.5 C-8;79.0 C-1;113.8 C-11;127.8 C-9; 130.3C-10. MS:
329(21%), 327(65%), 325(M*-C1)(64%); 53(100%).

#)-(1S*,3R*,5R*,7R*,8S*,9R*)-3-Ethoxy-2-oxatetracyclo[6.4.0.037.05%|dodecan-6-one dimethyl-
ketal (13): 12 (4.29¢g; 11.8mmol) was treated as described under general procedure. After chromatography
on silica gel with petroleum ether :diethyl ether = 6 : 1 compound 13(2.93g; 92%) was obtained as colourless
oil. 1!-I-NMR(CDCI‘.,)(Q: 1.25(t)(3H) J¢- o-= 7Hz C-H(2’); 1.33(m)(2H) C-H(11endo, 12exo); 1.67(m)(3H) C-
H(10endo, 10exo, 11exo); 1.90(m)(1H) Jy5 1o= 13HZ, J12end0.1= J12endo,11ex0™ J12endo,11endo™ 3HZ C-
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H(12endo); 2.07(m)(2H) C-H(4endo,5); 2.18(m)(1H)J, 4= 12.5H2, J 4o, 5= 4HZ, J 40,0 7= 1.5Hz C-H(4exo);
2.37(m){2H) C-H(8,9); 2.69(m)(1H) J7.5=3.5H2, J7 40,0=1.5Hz C-H(7); 3.24(s)(3H) OC-Hg; 3.25(s)(3H) OC-
Hy; 3.56(part A of an ABXy-system)(1H) Jy- 4= 9Hz, J;-, o= 7Hz C-H(1"a); 3.73(part B of an ABXy-sys-
tem)(1H) Jy- 4= 9Hz, Jypo-= 7Hz C-H(1'D); 4.27(M)(1H) Iy 12end0= I1.120x0= J1.8= 2Hz C-H(1). Y¥C-
NMR(CDCI X9): 15.7 C-27; 17.1 C-11, 23.4 C-10, 27.6 C-12; 31.6 C-9; 38.8 C-4; 39.6 C-8; 43.4 C-5; 40.6
OCH;50.6 OCHg4; 51.0C-7;58.5C-17,73.3C-1;111.8 and 113.3C-3 and C-6. MS: 268(M*)(15%), 253(M*-
CH3){(2.5%), 238(M™-CH,0)(42%), 237(M*-OCH4)(29%), 223(M*-OEt)(11%), 195(M*-C(OCHa)+H)(11%),
163(111%).
®-(15*,2R*,6R*,7S*)-1,7,8,9-Tetrachloro-10,10-dimethoxytricycio[5.2.1 .Oz'sldec-s-en-S-one
{14): 1 (13.5g), 2-cyclopentenone {4.2g), and a trace of hydroquinone were heated under an atmosphere of
argonina sealedtube at 115°C (highertemperatures destroy the product slightly!) for 75 h. The reaction mix-
ture was puritied by flash chromatography with petroleum ether : diethyl ether =7 : 1 yielding 14(13.6g;79%, -
white crystals, m.p. 68-74°C). IR(CCl(cm™): 1750, 1602. 'H-NMR(CDCI,)8: 1,95-2,32(br.m)(4H) C-
H(4,5); 3,14(d)(1H) J, g= 9Hz C-H(2); 3,42(m)(1H) Jg o= Jg 5ex0= OHZ, Jg 5endo= 4Hz C-H(6); 3,56(s)(3H)
OC-Hy; 3,62(s}(3H) OC-H,4 ’%—NMR(CDC!Q(S) 19,0C-5,38,4C-4,48,9C-6,51,8 OCH,; 52,7 OCH4, 57,4
C-2; 76,0 C-7; 77,9 C-1; 114,5 C-10; 129,0 and 129,2 C-8 and C-9; 213,3 C-3. MS: 346(M*)(0,6%),
344(M*)(o 3%); 311(100%), 309(M*-C1)(100%); 273(M*-C1-HCI)(22%).
#)-(1R*,2R*,3S*,6R"*,7S*)-1,7,8,9-Tetrachloro-3-hydroxytricyclo[5.2.1.025]dec-8-en-10-one  di-
methylketal (15): 14 (1.6g) was dissolved in methanol (20ml) and cooled to 0°C. After addition of an excess
of sodium borohydride (0.6g) the mixture was stirred at 0°C for 3 h. Addition of water was followed by five
times extraction with dichloromethane. The org. layers were washed with brine, dried over MgSO, and the
solvent evaporated yielding 15 {1.5g; 94%; m.p. 125°C) as white crystals. Further purification if necessary
can be done by crystallization from petroleum ether or chromatography on silica gel with petroleum ether :
diethylether=4:1. 1H-NMR(CDCI:,)(ES): 1.42(m)(1H)J, 4= 13H2, J 4040 3=aendo Sendo™Yaendo sexo=HZ C-
H(4endo); 1.66(m)(2H) C-H(5endo,5ex0); 1.70(1H)(exchangeable with D,0) O-H; 1.91(m)(1H) J, 4= 13Hz,
aexo,3= 9HZ, Jagxo sexo= 7-6HZ, J4exo sendo= 3HZ C-H{4exo); 3.07(m)(1H) Jg o= Jg sexo™ SHZ. Jg sendo™
3.5Hz C-H(6); 3.17(m)(1H) J, 5= J, g= 9Hz C-H(2}; 3.54(s)}(3H) OC-Hj; 3.60(s)(3H) OC-Hy; 4.48(m)(1H)
J3.2d3 4exo=Y3 4endo=SHZ C-H(3). 1 C-NMR(CDCI3)(9:21.5C-4,34.3C-5;51.6 OCH3,52.6 OCH4;53.5C-
6;55.1C-2;,73.9C-3;76.6 C-1; 77.6 C-7; 1153 C-10; 128.4 C-9; 130.3 C-8. MS: 315(33%}, 313(100%),
311(100%){M*-Cl); 255(50%), 253(53%){M*-Cl -HCI).
#)-(15*,3R*,5R*,7R*,8S*,9R*)-3-Ethoxy-2-oxatetracyclo[6.3.0.0%7.05°|undecan-6-one dimethyi-
ketal (16): 15 (5.08g) was treated as described undergeneral procedure. Flash chromatography onsilicagel
with petroleum ether : diethyl ether = 4 : 1 yielded 16 (2.6g; 71%) as colourless oil. ‘H-NMR(CDCla)(S):
1.24(t)(3H) Jp- 4-=7.3Hz C-H(27);1.5-1.85(m)(3H) C-H(10endo, 10exc, 1 1endo); 1.89(part A of an ABX-sys-
tem)(1H)J4 4= 14Hz, J4 5= 1.5Hz C-H(dendo); 2.05(m)(1H) Jy4 11=13.5Hz, Jy4 ex0,10ex0= IHZ C-H(11exo);
2.18(m){(2H) wy,,= 13.5Hz C-H(4exo,5); 2.68(m)(1H) wy,= 7.4Hz C-H(7}; 2.78(m)(2H) C-H(8,9);
3.26(s)(3H) OC-Hg; 3.29(s)(3H) OC-H,; 3.55(part A of an ABX,;-system)(1H) J,- 1=9Hz,Jy-5 »=7.3Hz C-
H(17a);3.73(part B of an ABX5-system)(1H) J,- 4-=9Hz, J; -, 5-=7.3Hz C-H(1'D); 4.44(m)(1H) w, ,=8.2Hz2 C-
H(1). *C-NMR(CDCI,)9: 5.7 C-2"; 23.1 C-10;36.1 C-11;38.0C-4; 41.5and 41.7 C-8 and C-9; 49.9 OCHg;
50.0 and 50.7 C-6 and C-7; 50.6 OCHjg; 58.8 C-17; 80.7 C-1; 113.6 C-6; 116.5 C-3. MS: 254(M*)(4.6%);
239(M*-CH,)(5.2%), 224(M*-CH,0)(91%), 209(M*-OEt)(100%), 75(CH3-O-HC=0"CH3)(23%).
#-(1R*,2R*,45")-1,4,5,6-Tetrachloro-7,7-dimethoxybicyclof2.2.1]hept-5-en-2-ylcarboxylic acid
{17):1{3.9qg), acrylic acid (1g), and atrace of hydroquinone were heated underreflux for 3h. The cooled reac-
tion mixture was extracted five times with aqu. sat. NaHCO,. THe aqu. solutions were acidified with dil. aqu.
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HCl and extracted several times with dichloromethane. The org. layers were dried over MgSOQ,. Several re-
crystallizations from petroleum ether : diethyl ether yielded pure 17 (2.99; 63%; m.p. 165-166°C).
IR(CHCIa)(cm“): 3350-2500, 1750, 1715, 1605. 1H-NMR(CDCI3)(5): 2.18(part A of an ABM-system)(1H)
J3.3= 11.8H2, J3gngo 2= 4.4Hz C-H(3endo); 2.54(part B of an ABM-system)(1H) J3 3= 11.8Hz, J3g, o=9.3Hz
C-H(3exo); 3.48(part M of an ABM-system)(1H) J2 3ex0= 9-3Hz, Jo gendo"' 4.4HzC-H(2) ;3.55(s)(3H)OC-H;
3.61(s)(3H) OC-Hg; 10.6 (br.)(1H) (exchangeable with D,0) O-H. 1 C-NMR(CDCI,)(8): 39.1 C-3; 50.6, 51.8
and52.9 C-2; OCH,and OCHj; 74.1 C-1;76.9 C-4;112.1 C-7;128.0 and 130.9 C-5 and C-6; 175.9 COOH.
MS: 303(35%), 301(100%), 299(M*-C1)(100%).
)-(18*,25*,45%)-7,7-Dimethoxybicyclo[2.2.1]hept-5-en-2-ylcarboxylic acid (18)'*°: 17 (3.5g) was
treated as described under general procedure. The work up had to be modified. After addition of ice the reac-
tion mixture was twice extracted with diethyl ether. The org. layers were discarded, the aqu. layer was acidi-
fied with aqu. HCI and extracted with dichloromethane for several times. The dichloromethane solutions
were washed with brine, dried over MgSO, and the solvent evaporated. The resulting crystals were recrystal-
lized from petroleum ether : diethyl ether yielding 18 (2g; 97%; m.p. 86°C). IR(CCI4)(cm"): 3500-2400, 3070,
1790, 1710. 1H-NMF!(CDCZ:I:,)(S): 1.42(dd)(1H) J; 5= 12.5 Hz, J3gn4q o= 4Hz C-H(3endo); 2.12(m)(1H) J3 3=
12.5Hz, J3ax0, 2= 9HZ, 350 4= 4Hz C-H(3exo); 2.89(m)(1H) J4 3= 4Hz, J, g= 3.5-4Hz C-H(4); 3.17(s)(3H)
OC-H;; 3.24(s)(3H) OC-Hy; 3.15-3.22(m)(2H) C-H(1,2); 6.07(m)(1H) and 6.26(m)(1H) C-H(5,6);
10.73(br.)(1Hy (exchangeable with D,0) O-H. 13C-NMR(CDCI:,)(JS): 27.3C-3;41.4C-2;449C-4;47.5C-1;
49.8 OCH;;52.00CH,;118.8 C-7;133.6 and 135.6 C-5and C-6; 180.1 COOH. MS: 198(M*)(43%), 153(M*-
COOH)(100%).
#)-(1S*,3R*,45*,55*,75*,8R*,9R*)-4,5,7-Trichloro-3-ethoxy-2-oxatetracyclo[6.4.0.0%7.05%|dode-
can-6-one dimethylketal (21): 12 (0.47mmol; 170mg) was added to a solution of ethoxide in etha-
nol(1mmol; 50ml) and kept under reflux for 15 min. The solution was poured on ice and extracted with di-
chloromethane for several times. The org. layers were washed with brine, dried over MgSO, and the solvent
evaporated. Flash chromatography on silica gel with petroleum ether : diethyl ether = 15 : 1 yielded 21
(160mg; 92% m.p. 94-97°C). 1H-NMF!(CDCla)(&: 1.25(t)(3H) J- 4= 7Hz; 1.36(m)(2H) C-H(11endo,12en-
do); 1.58(m)(1H) C-(10endo); 2.07(m)(2H) C-H(10exo, 12ex0); 2.38(m)(1H) C-H(11ex0); 2.45(dd)(1H) Jg o=
11Hz, Jg 4=3.5Hz C-H(8); 2.80(m)(1H) Jg g= 11HZ, Jg 10endo=9-5H2, Jg 4= 1.5HZ, Jg 10exo= 1-5-2Hz C-H(9);
3.76(s)(3H) OC-Hg; 3.77(s)(3H) OC-Hg; 3.89(part A of an ABXy-system)(1H) Jy- 4-= 8.5Hz, J4-3 o= THz C-
H(17a); 3.94(part B of an ABXy-system)(1H) J,- 4= 8.5Hz, J,, o=7Hz C-H(1'D); 4.66(m)(1H) w, o= 18Hz C-
H(1); 4.75(d)(1H) J4 g= 1.5Hz C-H(4). 13C-NMI=I(CDCI3)(&: 15.7C-11;15.8C-2";18.3C-10;26.1C-12;39.6
C-9;48.0C-8;51.20CH,4;52.1 OCH,;60.6 C-17;69.9C-4;74.5C-1,74.7C-5;79.7 C-7;103.0C-6; 106.0C-
3. MS: 337(21%), 335(32%)(M*-Cl); 235(11%), 233(61%), 231(100%)}(M*-Cl -C5H,,0,).
(H)-(15*,45*,55*)-5-(1 -Hydroxy-1 -methyl)ethyibicyclo{2.2.1]hept-2-en-7-one dimethyiketal (22):
To acid 18 (0.751q), dissolved in diethyl ether, was added an excess diazomethane in diethy! ether. Afterthe
excess of diazomethane and the solvent were removed by evaporation the resulting ester was chromato-
graphed on silica gel with petroleum ether : diethyl ether = 8 : 1. The methyl ester (3.8mmol) was dissolvedin
diethyl ether tabs., 50ml) and added dropwise to an excess of methyl magnesiumiodide in diethyl ether (abs.,
50ml) at room temp. A cooled solution of aqu. sat. NH,Cl was added dropwise into the reaction mixture fol-
lowed by extraction with diethyl ether. The org. layers were washed with brine, dried over MgSO, and the soi-
vent evaporated yielding the tertiary alcohol 22 (0.7g; 3.3mmol; 87% from 18). IR(CCI.)(cm“): 3580, 3480
br., 3060. 1I-I-NMR((:DC:I:,)(Q: 1.01(s)(3H) C(17)-CHg; 1.15(m)(1H) Jg g= 12.8Hz, Jggpg, 5= 5. 1HZ C-H(6en-
do); 1.23(s)(3H) C(1°)-CH4; 1.45(br.)(1H) (exchangeablewith D,0)0-H;2.03(m)(1H) Jg g=12.8Hz, Jgeyq 5=
9.3Hz, Jgoyo 1= 4Hz C-H(Bexo); 2.40(m)(1H) Jg gexo= 9-3H2Z, Jggengo= 5.1HZ, Jg4= 3.5Hz C-H(5);
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2.86(m)(1H) Jy gexo=4H2, Jy o= 3.5Hz, J; 55 1Hz C-H(1);2.96(m)(1H) J4 5= 3.5Hz, J 4 9= 3Hz, J, ,<1Hz C-
H(4); 3.15(s)(3H) OC-Hg; 3.22(s)(3H) OC-Hg; 6.17(m)(1H) J3 = 5.8Hz, J3 = 3Hz, J5 < 1Hz C-H(3);
6.27(m)(1H) J, 5= 5.8Hz, J, 1=3.5Hz, J, ;< 1Hz C-H(2). 13C-NMR(CDCI:,)(S): 26.5C-6;29.7and29.8 C(1°)
and (CHg),; 45.3 C-5;46.7 C-1;47.2C-4,49.6 OCH3;51.90CH4; 71.6 C-17,119.6 C-7,130.2and 135.0C-2
and C-3. MS: 212(M*)(26%), 197(M*-CH3)(12%), 194(M*-H,0)(30%), 153(M*-(CH),C-OH)(67%), 151(153
-2H, aromatization)(98%), 137(M*- CH-O-CH=0-CH3)(36%), 79(benzeniumion)(55%), 75(CH5-O-CH=0*
CH3)(100%).
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