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Abstract - The dicarboxylic acid 8 was synthesized from diben- 
zosuberone by dehydrogenation, reduction of the keto group and 
dicarboxylation. After resolution with cinchonine the (-)- 
enantiomer served as starting material for various transforma- 
tion products with trans-configuration of the substituents at 
the lO,ll-positions. Ring closure between these two groups led 
to the introduction of an additional homo- or heterocyclic 
ring. Attempted bromination of the dimethyl ester 9 of 8 gave 
the lactone 49 instead, LAH reduction of which resul- 
ted in formation of the corresponding ether bridge. Of both 
bridged compounds several derivatives have been prepared by 
modification of the substituent at C(11). Furthermore the pro- 
ducts of nitration of the 5-keto derivatives 31 and 36 are de- 
scribed as well as some thio analogues and products containing 
one additional heteroring. 

Recently we have described the chiroptical properties of several 1,2-diphenyl 

ethanesls3 and diary1 methanes 
4 

in which the phenyl groups can rotate. In order 

to fix these we have now prepared a series of optically active lO,ll-dihydro-SH- 

dibenzo[a,d]cycloheptenes, which can serve as model compounds for both types of 

mentioned compounds. Their absolute configurations were determined by applying 

circular dichroism to ketone 25 and by X-ray diffraction of the amide 58. In this 

paper we present the synthesis of these substances, their chiroptical properties 

will be published separately. 

Commercial dibenzosuberone was radically monobrominated' and dehydrobrominated 

with triethylamine to yield ketone 1. 5 

quantitatively to the known6 

Reduction with lithiumalanate/AlC13 led 

olefin 2: its 5-dideutero analogue was obtained by 

replacing LiA1H4 by LiA1D4. Following the procedure 7.0 for the dicarboxylation of 

phenanthrene via its 9,10-dianion the olefin 2 was treated with Na in dimethoxy- 

ethane and then with C02. The resulting mixture of acids was methylated and then 

separated by chromatography. Besides the wanted trans-diester 9, which was formed 

in 31% yield,traces of the cis-diester 3 (1%) and the monoester 4 (2%) could also 

be isolated. Most interesting is, however, the formation of 5 in 22% yield. In 

order to find out whether 5 is produced by an inter- or intramolecular path the 

5,5-dideutero analogue of 2 was subjected to the same reaction conditions and 

yielded a 3:1-mixture of 6 and 7: the appearance of a trideutero derivative 

excludes at least that only intramolecular rearrangements take place. Most probably 

*Dedicated to Hans Wynberg on the occasion of his 65th birthday. 
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the rearrangement proceeds within a solvent cage on the surface of the metal. 

From larger batches 9 can simply be obtained in pure form and in 30% yield 

(calculated on basis of 2) by crystallization from ether. It was saponified to 

acid 8 which could be resolved with cinchonine. From the cinchonine salt levorota- 

tory 8 was obtained, whose enantiomeric purity was at least 98% as determined 

from the ’ H-NMR-spectrum of the monomenthylmonomethylester 11 of 8. Partially 

resolved 8 obtained from the mother liquors was racemized by transformation into 

the dimethylester 9 and treatment of this with sodium methanolate. The free acid 

does not racemize even on boiling in 30% aqueous KOH. Attempts to obtain optically 

active material by (partial) saponification of 3 or 9 with pig liver esterase 

were unsuccessful. 
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lO,ll-Disubstituted Derivatives. 

Several lO,ll-disubstituted dihydrodibenzocycloheptenes were prepared from the 

diol 16, which in turn was obtained from the diester 9 by reduction with excess 

lithium alanate in 95% yield. If only the equivalent amount of LiAlH4 is used a 

great deal of optically inactive material resulted which is probably a hemiacetal 

with lO,ll-cis-configuration. Wethylation of 16 with dimethyl sulfate under phase- 

transfer catalysis led to the monoether 17 or to the dimethylether 18, depending 

on the amount of reagent. 

Acetylation of 16 gave the diacetate 19, complete tosylation a ditosylate, 

which was reacted further without special purification. Its reduction with lithium 

alanate gave in 52% yield the wanted hydrocarbon 24, accompanied by 5% of the al- 

cohol 23 and a greater amount of diol 16. In better yield 23 can be obtained by 

LiAlH4-reduction of the monotosylate of 16; appreciable amounts of the dio! 16 

are produced also in this reaction. Replacement of the tosyloxy groups by CN gave 

in 63% yield the dinitrile 22. The corresponding dicarboxylic acid 20 was obtained 

by acidic saponification and was further characterized by its dimethyl ester 21. 

Jones oxidation of the monoether 17 gave the acid 12 in 46% yield, which was 

methylated with diazomethane to its ester 13. In similar manner the alcohol 23 

was transferred into the acid 14 (68% yield) and its methyl ester 15. 

In order to rigidify the system a few ring-closed derivatives of such disubsti- 

tuted dibenzocycloheptenes were synthesized. The alicyclic compound 25 could be 

prepared by acyloin condensation of the diester 21 in 40 to 55% yield when xylene 

was used as the solvent; in toluene only 25% could be obtained. 
9 

The intermediate 

enediol disilylether was not isolated buthydrolysed directly to the acyloin 25. 

Reduction of the hydroxy group with Zn in acid 10 and subsequent removal of the 

carbonyl group by the Huang Minlon modification of the Wolff-Kishner reduction 

gave then in 50% overall yield the hydrocarbon 26. 

The heterocyclic derivatives 27 to 29 were synthesized from the diol 16 by 

conventional methods. SOC12 in methylene chloride and triethylamine as catalyst 

gave in 94% yield the cyclic sulfite 27, analogous reaction with POC13 and further 

hydrolysis of the acid chloride yielded the cyclic acidic phosphate 28. The cyc- 

lic acetonide 29 was prepared by transacetalation with 2,2-dimethoxypropane and 

toluenesulfonic acid as catalyst in 86% yield. All these optically active com- 

pounds have been fully characterized by their spectral data. 

5-Keto Derivatives and their Reaction products. 

The direct oxidation of 9 to its 5-keto derivative with Se02 in acetic anhyd- 

ride" proceeded only with poor yield and was much better achieved via the lactone 

49 (described below) by Jones oxidation. Reaction with CH2N2 gave the correspon- 

ding dimethyl ester 31. The amide 32 was obtained from 30 and (+I-phenylethvlamine 

with dicyclohexyl carbodiimide with the intention to determine its absolute confi- 

guration by X-ray diffraction. 

31 was treated with 95% HN03 without any solvent 
12 

in order to obtain products 

substituted in the aromatic ring(s). Indeed,threenitro-compounds (93 - 35) could be 

isolated, they were, however, optically inactive. Obviously under the strongly 

acidic conditions protonation of the C02Me and/or keto group takes place with 

simultaneous removal of the protons at lO/ll-positions which leads to racemiza- 

tion. The positions of the N02-groups follow from the patterns of the signals of 

aromatic protons in the 1 H-NMR-spectra. 

In order to avoid deprotonation in the C2-bridge a similar nitration was 

successfully tried on the ketone 36 which could be obtained in excellent yield 

from the diether 18 by oxidation with KMnOd in heterogeneous phase. 
13 

The main 

product of the nitration " was the symmetrical dinitro-compound 38 (42961, accompa- 
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nied by 37 (22%) and the 3,6-isomer 39 (11%). A nitration in o-position to the 

usually m-directing carbonyl group is not without precedent. 14 The positions of 

the N02-groups were again determined from the 1 H-NMR-spectra. 
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48 

Reduction of the N02-groups of 38 had to be done under conditions which avoid 

possible racemization and simultaneous reduction of the keto group. It was achie- 

ved by reaction with SnC12 in acetic acid containing cont. HCl. 
15 

The resulting 

diamine 43 was transformed into the diacetate 44 under standard conditions, and 

into the deoxo derivative 45 by reduction with LiA1H4/A1C13. It is remarkable 

that 45 is also obtained with Zn in acetic acid/HCl mixture, but with partial ra- 

cemization. The N,N-diacetate 46 was prepared, again under the usual conditions, 

and the transformation of the amino groups into OH was done by diazotisation and 

boiling of the diazonium salt in 50% sulfuric acid containing sodium sulcate. 

Since the diphenol is very unstable it was not isolated in pure form but acetyla- 

ted immediately to 47. If the diazotisation is carried out in absence of urea 

appreciable amounts of nitrosophenols are formed as byproducts. Analogous reduc- 

tions of the nitrocompounds 37 and 39 have not yet been tried. 
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Since the keto-functionis theonly reactivegroup in 36it could be transformed 

into a few others without difficulty. Reduction with LiAlH4 led to the alcohol 

40. All attempts to replace its hydroxyl by chlorine or fluorine gave only the 

cyclic ether 61, which is described later. The 5-methyl homologue 41 of 40 was ob- 

tained from 36 with Grignard reagent. With thionyl chloride in pyridine 41 was 

smoothly dehydrated to the methylene ketone 42. Under conditions of the WcMurry 

reaction16 a dimer was obtained, it was, however, not the expected olefin but the 

corresponding dihydro derivative 48. Only a single stereoisomer can exist with 

this structure since no new elements of chirality are generated by the coupling 

reaction. 

Lactones Derived from 5-Hydroxy compounds. 

Radical bromination of the diester 9 did not give any bromoxompound but the 

lactone 49 instead. Initial radical formation proceeds in 5-position since this 

is benzylic with respect to both aromatic rings, and whatever is the intermediate 

conformation, one of the two methoxycarbonyl groups is always in close distance 

for ring closure. Saponification of 49 gave the monoacid 50, with P4S,,, in xylene 
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the dithiolactone 52 can be obtained. 

methanol17 

Reaction of the lactone 49 with NaBH4 in 

resulted in the partial reduction of the methoxycarbonyl group under 

epimerization leading to 51. The configuration at the C2-bridge of 51 was proved 

by chemical correlation with the cis-anhydride 80 (cf. Experimental Part). We 

assume that this epimerization takes place at the intermediary aldehyde stage. 

The acetal 53, isolated as a byproduct, is formed nearly exclusively when lithium- 

borohydride in THF is used as the reagent. The structure of 53 follows from its 

spectra and especially from a DEPT-experiment showing a ’ 3C-chemical shift of 101 

wm , typical for an acetal-C. 

5,10-Oxaethano-bridged Systems. 

Reduction of theester-lactone 49 with LiA1H4 in THF/ether mixture did not give 

the expected trio1 but the cyclic ether 59 although no Lewis acid had been added. 

The same product is also accessible by NBS-oxidation of the diol 16 in CC14, but 

in lower yield. Acetylation of 59 with acetic anhydride led to the acetate 60, 

methylation under phase - transfer conditions to the diether 61. Oxidation with 

Jones reagent gave, besides the acid 54 (57%), also the nor-ketone 70 (39%). The 

acid chloride of 54, prepared with oxalvl chloride, was used to synthesize the 

amide 56 as well as the chirally substituted amides 57 and 58, whereas the methyl 

ester 55 was obtained from the acid with diazomethane. Dehydration of the amide 

56 yielded 50% of the nitrile63. For the preparation of the methyl derivative 64 

the tosylate of 59 was reduced with lithium alanate without purification of that 

intermediate. Replacement of OH for F did not proceed with NaF via the tosy- 

late, nor directly by Olah's reagent. It could, however, be achieved with SF4 in 

benzene at 60"~ (621. 

From the norketone 70 the deoxygenated compound 69 was obtained by Wolff- 

Kishner reduction, and a mixture of the two alcohols 65and 67by alanate reduction. 

Their stereochemistry was determined from NOE-difference spectra (observation of 

the signal of one H of the oxaethano-methylene group when irradiating the H gemi- 

nal to OH), and they could be separated completely by silicagel chromatography ; 
(48%" 65, 45% 67). The corresponding hemiphthalates were obtained by treatment ' 

with phthalic anhydride. 

The styrene 71 was prepared by elimination of toluenesulfonic acid from the i , 

tosylate of 59 by heating with KOH to 200°C in 84% yield. Epoxidation led to a 

mixture of the two oxido derivatives 72 and 73 together with some ketone 70. 72 

could be isolated in pure form by silicagel chromatography (36X), its diastereomer 

73 was obtained purely by crystallization from ether. Its yield (35%) was deter- 

mined by integration of the signal of the proton at C(5) in the mixture with 70 

(12%). The stereochemistry of the oxido compounds was again determined from NOE- 

difference measurements between the nearer protons of each methylene group next 

to the ether oxygens. 

Some Further Derivatives. 

Monosubstitution at C(1) was achieved via isochromane formation with chloro- 

methyl methyl ether and ZnCl2 from 59, leading to 75 in 95% yield. Oxidation of 

the latter with Jones reagent to 76 proceeded much better than with Cr03 in DMF. 

P4S,o transformed 76 into the dithiolactone 77 (61%), alanate reduction gave the 

diol 74 (92%). An attempted reduction of its benzylic OH by LiA1H4/A1C13 led to 

quantitative recovery of the isochromane 75. 

The cleavage product 78 was prepared with the intention to determine the 

absolute configuration via the CD of an isochromane by reaction of 70 with potas- 

sium tert.-butylate in DMSO. 
18 

No product of the splitting of the bond between 

the carbonyl and the benzene ring could be observed. Reduction to the benzylic 

alcohol 79 with alanate proceeded smoothly and in good yield (94%). 
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Attempts to prepare the trans-anhydride from the dicarboxylic acid 8 under 

various conditions gave solely the cis-product 80, with epimerization. The cis- 

dimethylester 3 and the corresponding monoester react with NBS 

as their trans-analoaues to form the lactone 81 in good yield. 

in a similar manner 
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EXPERIMENTAL 

General 

'lbe melting pints were determlned with a heating microscope (Fa. Reichert) and are not 

corrected. Cptical rotations here measured with a Perkin-Elmer 141 In cells of 10 cm lengths: 

concentrations are given in nq/ml. 'lhe M-spectra were recorded with a Wp 80 or an AM 400 (Fa. 

Bruker). 'Ihe chemical shifts are given in up" and refer to the b-scale. 'l%e signal nultiplicities 

are at+xeviated as follows: s = singlet, d = Qublet, t = triplet, q = quartet, m = mltiplet. 

IR-spectra were measured with a Perkin-Elmer 257 in chloroform solution or in m-pills, wave- 

numbers are cited only for characteristic functional groups. A HAT CH-5 (Fa. Varian) was used for 

recording the mass-spectra (70 eV). 'lhe W-spectra were taken mth a Gary 17 (Fa. Varian) in 

cells of 0.01 - 2 cm lengths. 

General work-up: the organic @~a.se was washed neutral with aqueous HU or H2S04 and/or satu- 

rated aqueous NaHC03 and water, dried over m904 and thought to dryness in v-. Usually the 

resulting residue was then chranatcgra@d on silicagel (particle size 0.05 - 0.1 IWIJ). 

Attreviations: D?Z = dicyclohexylcarbodiimide, CMAP = dimethylaminopyridine, DMW = dimethyl 

sulfoxide, PE = petrol ether (60-7O'C). 'lliF = tetrahydrofuran. m = lO,ll-dihyclro-SH-dibenzo 

Ca,dlcycloheptene. 
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Dibenzo[a,d]cyclohepten-5-one (1). 

1 was pepared according to the p-ocedure of Cope and Fenton.5 t4.p. 87 - 88°C. 'H-NW (80 

Wlz, CKI3): 6.9 (s, ZH, -CH=CH-1, 7.3 - 7.6 (m, 6H, arcm. HJ, 8.0 - 8.3 (m, ZH, arom Hl. IR 

(cHC13): 3000, 1640 (a), 1590 cm-'. MS: m/z (%l = 206 (73, M+), 178 (100, (M - CO)+). 

Dibanzo a,d cyclcheptene (21. 

lb a suspension of 40 g (1.026 mol) L.iAlH4 in 500 ml ether a solution of 137 g (1.026 mall 

A.lC13 in 700 ml ether was added droprlise. After 10 minutes 191 g (0.918 mall 1 (dissolved in 1 1 

'IHF) ware added and the mixture was refluxed for 2 h. After cooling to 0°C 1.3 1 water were added. 

'Ihe p-ecipitate was dissolved in aqueous 10% H28Q4. General wrk-up gave 177 g of 2 (quantitative 

yield), m.p. 129°C (lit.6: 131°C). 'H-NMR (80 I~HZ, CCU31: 3.65 (s, 2H, -cH2-1, 6.8 (s, al, -Cli=cTI-1, 

7.0 - 7.2 (m, 8H, arom. H). IR (in cHC131: 3020, 2980 an-l. MS: m/z (%l = 192 (100, kl, 191 (90, 

(M - HI+), 165 (12, diphenylmethane cation). 

Carboxylation of alkene 2 to 3, 4, 5, and 9. 

A solution of 6.703 g 2 (0.035 mol) in 100 ml dry dimethoxyethane was cooled to 0°C and dry 

nitrogen was passed to remOve air. Thin strips of 6 g freshly cut sodium (oxide free) were added. 

After a few minutes a dark k-own sassy precipitate was formed on the metal surface. 'Ihe pale trown 

solution was then stirred for 3 h at O"C, becoming rapidly dark rrown. Afterwards a stream of dry 

carbon dioxide was passed over the surface of the reaction mixture for 15 min., leading to decolou- 

ration. The solution was then decanted, and the rest of the sodium pieces was washed with scme ml 

MF. lhe mixture was evaporated in vacua and the residue was dissolved in 150 ml 1 N Nash. After 

washing 3 times with 80 ml ether the s~1e0u.s @ase was acidified with 10% HCl, followed by extrac- 

tion with ether (80 ml, 3 times). The organic rqhase was dried over Q504, the filtrate was cooled 

to 0°C and ethereal diazomethane (excess) was added. 'lhe usual work-up gave a mixture of four 

methyl esters, which ware separated by chromatography (PE/ethyl acetate 1O:l): 3 (130 mg, l%), 4 
(170 nq, 2%1, 5 (1.93 g, 22%). 9 (3.36 g, 31%). 

Dimethyl cis-Df3CS-lO,ll-dicarbxylate (3): Oil. 'H-NMR (80 EHz, UK13): 3.8 (s, 6H, two -ocH31, 

4.1 (AB system, 2H, -a2-l, 4.7 (s, 2H, two arCH-COD), 7.0 - 7.3 (m, 8H, arom. Hl. IR (cHC13): - 
1730 (ester), 1480, 1430 cm -l. MS: m/z (%l = 310 (13, M+l, 250 (451, 191 (100). 

Methyl DB0Llo-carbxylate (41: Oil. 'H-NMR (80 Wz, CIYC13): 3.3 - 3.8 (AB part of an ABX system, 

2H, CH2 (ll)), 3.6 k, 3H, - CCH3), 4.1 (AB system, 2H, ar-~2-arl, 4.2 (X part of an ABX system, 

lH, H(lOl), 7.0 - 7.3 (m, 8 H, aran. H). IR (CHC13): 1720 (ester), 1480, 1150 cm-l. MS: m/z (%) = 

252 (11, M+,, 220 (3, W-cH3CH)+), 191 (1001, 178 (211. 

Methyl DBCH-5-carbxylate (51: m.p. 91 - 92°C. 'H-NMR (80 Lutz, CDC131: 2.65 - 3.5 (AA'BB' system, 

4H, -CIi2-cH_2-', 3.65 (s, 3H, -OCH3), 4.75 (s, lH, ar2-ql-Coo). 7.1 - 7.3 cm, 8H. arcm. H). IR 

(CHC13): 3000, 1740 (ester), 1490 an-l. MS: m/z (Xl = 252 (13, M+l, 193 (100, (M-UZ)2cH3)+l, 178 

(211, 115 (23). 

Dimethyl trans-MKH-dicarboxylate (9): m.p. 128 - 129 "C (PE/ether). 'H-NW (80 t4lz, cDc13): 3.75 

(s, 6H, two -CU131, 4.1 (s, al, -CIi2-1, 4.8 (s, 2H. two ar~Cm1, 7.2 (m, 8H, aran. H). IR (aK13): 

3000, 2990, 1740 (a)) ,1480, 1430 cm-'. MS: m/z (%l = 310 (8, k) 278 (10, (M -CH30H)+), 250 (43, 

(M -HC02 cH3)+), 218 (5), 191 (100, dibenzotrowlium cation). 

Carbxylation of the 5,5-dideutero analcgue of 2 to 6 and 7. 

'Ihe 5,5-dideutero analogue of 2 was Jxepared from 1 with tiAlD4 as described for 2. Its 

carbxylation was performed as above: wark-up gave a mixture of 6 and 7. Their ratio was determined 

from the intensity ratio of the parent peaks in the mass-spectrum: 14 % m/z = 253 (6), 5 % m/z = 

255 (7). 

Preparation of 9 in larger scale. 

lHF can be used as a cosolvent without effecting the yield of 9: 22 g (114.6 ml) 2 in a 

mixture of 180 ml dimethoxyethane and 140 ml 'H-IF were treated with 16 g sodium (687 ml1 and 
carbon dioxide as described above. 'Ihe ccmbined mixture of acids prepared from 176 g of 2 (8 

experiments with 22 g of 2 each) was esterified with diazcmethane in ether and the solution concen- 

trated in vacua. 'Ihe dimethyl ester could be obtained by crystallization (cool.ing overnight to 

-20°C). yielding 86 g (30 %) of 9. 
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lECIG1O,11dicarboxylic acid (8). 

?b a boiling solution of 86 g (0.277 nol) 9in 400 ml methanol were added dropwise 4OOml 20% 

aqueous KCH and sinrrltaneously methanol/water was distilled off. After 400 ml solvent had been 

removed the reaction mixture was cooled to room temperature and diluted with 400 ml water. After 

washing two times with 100 ml ether the aqueous Mase was acidified with cont. HC1 and worked UP: 

78.2 g of 8 (quantitative yield), m.p. 213 - 214°C (ether). 'H-NMR (80 WIz, setone-d6): 3.45 (s, 

2H, -cH~-), 4.1 (s, 2H, twc a.rcH-a~)), 6.3 - 6.7 (m, 8H, arcm. H), 8.3 - 8.9 broadened s, 2H, two - 
@XH). TR ( KBr): 3640 - 2200 (Ui), 1690 (m), 1490, 1410 cm-'. MS: m/z (%) = 282 (13, M+), 264 

(20, (M-Co)+), 236 (441, 191 (100, dibenzotroWlium cation). 

Resolution of 8. 

'lb a hot solution of 78.2 g (0.277 sol) 8 in 780 ml 80% aclueous acetone were added 82 g 

(0.277 mol) cinchonine and the mixture was refluxed for 1 h. After addition of 200 ml water t-e- 

fluxing continued for 3 h. Slow cooling over rught gave 61.2 g salt, tiich after one further 

crystallization from 1.1 1 ethanol yielded 48.5 g salt of m.p. 198°C. This was suspended in 300 ml 

cold (0°C) water, then 300 ml ether were added and 10% aqueous HCl until the solution became 

clear. Separation of the organic @ase and general work-up gave 23.7 g of (-1-E (60%), m.p. 258°C 

(ether).[olF = -116 (c = 2, dioxane). 

Racemization of combined mother liquors of 8: 'lhe combined mother llouors were evanorated in vacua 

and the residue was acidified with HCl. Extraction with ether and evaporation of the dried ether 

phase yielded 53 g of acid 8, which was esterified by refluxing in 400 ml methanol containing 8 ml 

cont. H2SC4 for 10 h. An excess of sodium methanolate was added and reflux was continued for 2 h. 

Saponification as described above yielded 52 g of racemic 8. 

Dimethyl (lOR,llR)-DB(KlO,ll-dicarboxylate ((-J-9). 

A solution of 23.7 g (84 nncl) t-J-8 in 300 ml ether was cooled to 0°C and stirred for 1 h 

after addition of an excess of etherial diazcmethane. Work-uD gave c-j-9 in quantitive yield, m.D. 

82"~ (ether). Cal% = -100 (c = 2, dioxane). 

&ethyl (10R,11R)-1O-carboxy-~ll-carboxylate (10). 

lb a cooled solution of 282 ng (1 mnol) (-1-E in 30 ml ether was Added dropwise etherial 

diazomethane under thin layer chrcmatcgraphic control (until formation of 9). Work-UD and chrcmato- 

graphy (PE/acetone 4:1, 1% acetic acid) yielded 214 q of 10 (72%), m-p. 159 - 160°C (racemate: 

ether). 'H-N&R (80 mz, ClX13): 3.7 (s, 3H, -ocH3), 4.0 - 4.1 (AR-system, 2H, ar-CH2-ar), 4.7 (s, 

2H, two ax-Cl+ax)), - 7.0 - 7.3 (m, EIH, arcm. H), 10.5 (s, lH, COOHI. TR (Cl+C13): 3500 - 2500, 1725, 

1490, 1430, 1280 an-'. MS: m/z (%I = 296 (8, M+), 264 (lo), 236 (341, 191 (1001, 165 (11). 

(n)-ktanthyl methyl (10R,11R)-CBCK10,11-dicarboxylate (11). 

A solution of 150 nq (0.51 mnol) nonomethyl ester (-1-10 and 10 ng DMAP in 1 ml cH2C12 was 

cooled to 0°C and 5 min. stirred at that temperature after addition of 125 nq (0.61 mnol) KC. 

After further stirring for 4 h at room temperature 20 ml CH2C12 ware added, the organic phase was 

washed with 10 ml of 5% zqu- HCl and worked up. After chromatography with PE/ethyl acetate 

(IO:11 206 nq (94%) of 11 here obtained as colourless oil. 'H-NW (400 bf+z, CIZ13): 0.70 and 0.80 

(d/d, 6H, CH(cH_3)2), 0.90 (d, 3H, CH3), 0.80 - 1.10 (m, 4H), 1.20 - 1.50 (m, 2~1, 1.60 - 1.80 (m, 

1H) 2.00 (m, lH), all from menthyl, 3.75 (s, 3H, CCH3), 4.10 (s, 2H, ar-012-ar), 4.70 - 4.85 (m, 

3H, H(lO), H(11) and -cO,CII-1, 7.05 - 7.20 (m, EH, S arom. HI. IR ((31c13): 1735 Cm' (ester ). MS: 

m/z (%) = 434 (3, M+), 296 (64, (M - rnenthyl)+), 250 (Sl), 236 (92), 191 (901, 83 (100). 

Datermination of enantianeric Fity of 11. 

'Ihe menthyl methyl ester 11 was used for the determination of the enanticmeric purity of 

t-j-8 by integration of the carhzmethoxy signal in the 400 mz 'H - spectrum. ?he spectrum of the 

mixture of diasterecmer ic esters prepared from racemic 8 showed a separation for the -a)(3c~ 
3 

signals of 9 Hz (integration ratio 1 :l). If 11 was pepared from (-1-E a ratio of 99:l was obtained 

for the integration of the carbomethoxy signals (e.e. > 98%). 

(10R,11R)-1O-t4thoxymethyl-DBCKll-carboxylic sid (12). 

'ID 240 q (0.94 mnol) 17 in 15 ml acetone were added 3 ml Jones reagent (EN). After stirring 

1 h at room temperature 2 m.l ethanol were added. lhe solution was concentrated in vacua and the re- 
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sidue su.spr&d in 50 ml water. After extraction with ether (30 ml, 3 times) and general mrk-up, 

chrcmatcgraphy (PE/ethyl acetate 6:1, 1% acetic acid) yielded 121 ng of 12 (46%) as glassy mate- 

rial. 'H-W (80 Mb, CDCI3): 3.3 (s, 3H, -KH3), 3.1 - 3.9 (m, 3H, arm-CH ) - -2 ’ 3.95 - 4.2 (m, lH, 

arCH-@X3), 4.2 - 4.4 (m, 2H, at--CH2-at-), 7.0 - 7.4 (m, EH, arcm. H), 9.1 broad s, lH, CrXH). IR - 
(KBr): 3500 - 2400 (ail, 1705 (031, 1490, 1115 cm-'. l49: m/z (73 = 282 (8, M+), 250 (86, (M -MaCH)+l, 

205 (971, 191 (loo), 178 (60), 45 (93, al,-~a$). 

Methyl (l0R,1lR1-lO-methoxymthyl-DBMll-carboxylate (13). 

78 q 12 ware esterified with etherial diazcmethane in the usual way. Chromatography (PE/ethyl 

acetate 1O:l) yielded 78 nq of 13 (96%) as a colourless oil. ‘M&Q? (80 Wz, CDC13): 3.3 (s, Xi, 

-CU131, 3.85 (s, 3H, -CCCCH3), 3.1 - 3.9 (m, 3H, arc-CH2-1, 3.95 - 4.2 (m, lH, arCI+-@.x), 4.2 - - 
4.4 CAB-system, 2H, ar-CH2-ar), 7.0 - 7.4 (m, EH, arcm. H). IR (QiC13): 3000, 2940 - 2840, 1735 

(CD), 1500, 1440, 1210, 1120 cm-'. EIS: m/z (X1 = 296 (3, M+l, 264 (49, (M-&CXi)+), 232 (251, 205 

(781, 191 (100). 

(lOR,llRl-lo-Methyl-DBCH-ll-carbxylic acid (141. 

'lb a solution of 208 mg (0.87 mm011 23 in 15 ml acetone ware added dropwise 5 ml Jones reagent 

(EN). After stirring 1 h at room temperature ethanol was added and the solvent evaporated in 

vacua. 'Ihe residue was suspended in 40 ml water and extracted with ether (20 ml, 3 times). lb-k-up 

and chromatography (PE/acetone 8:1, 1 % acetic acid) gave 150 rq of 14 (68%) as a colourless oil. 

'H-NMR (80 luhfz, cDc13): 1.4 (d, 3H, -CH3), 3.7 - 3.85 (m, lH, a.rCH-), 3.8 - 4.05 CAB-system, 2H, 

ar-CH2-ar), 4.5 (m, lH, arCH-CCC), 7.0 - 7.3 (m, EH, arcm. Hl, 10.9 (ksoad s, lH, COOHI. IR 

(C?lC13): 3550 - 2500 (CXi), 1700 (CD), 1480 an-'. MS: m/z (%I = 252 (40, M+), 206 (loo), 191 (891, 

178 (69), 165 (24). 

I&thy1 (l0R,11R)-lO-methyl-TE~XGll-carixxylate (15). 

103 ng (0.39 mnol) 14 here esterified with etherial diazanethane in the usual way. Work-up 

yielded 108 ng of 15 (quantitative) as a colourless oil. 
1 
H-NW (80 Wlz, CDC13): 1.4 (d, 3H, 

-CH3), 3.75 - 3.85 (m, lH, arm_-), 3.8 - 4.05 (AEsystem, 2H, ar-CH_2-ar), 3.85 (s, 3H, COQi3), 4.5 

(m, lH, arCT+OXl, 7.05 - 7.3 (m, EH, arom. H). JR (CHC13): 3060 - 2940, 1725 (ester), 1480, 1450, 

1310 cm -'. MS: m/z (%) = 266 (1.5, M+), 206 (13, M-K02a13)+), 191 (111, 178 (61, 117 (1001. 

(lOR,llR)-lO,ll-Bishydroxymethyl-IXKH ((+I-16). 

'Pa a suspension of 7.75 g (198.7 nmcl) LiA1H4 in 100 ml ether a solution of 20.03 g (64.6 

~1) 9 in 200 ml 'IHF was added dropwise and refluxed for 2 h. After cooling to 0°C 200 ml water 

here added and the solution was acidified with 10% aqueous H2SD4_ General mrk-up and crystal- 

lization from ether yielded 15.59 g of 16 (95%). M.p. 149°C (ether). [aI% = 142 (c = 2, dioxane). 

'H-NMR (80 Wlz,DMSO-d?$: 3.3 - 3.8 (m, 6H, two ar-CH-CH -1, - -2 4.0 (s, 2H, ar-CH2-ar), 4.7 (t, 2H, 

two -CH), 6.9 - 7.2 (m, EH, aran. H). 
-1 

TR (KBr): 3500 - 2600 (CH), 1450, 1050, 1020 cm . MS: m/z 

(%) = 236 (39, (M-H20)+), 205 (loo), 193 (56). Found: C, 80.32%: H, 7.11%. C17H1802 requires C, 

80.28%; H, 7.13%. 

If stoichianetric zunounts of LiAlH4 vaare used an optically inactive material (hemiacetal, 1) 

was isolated as the main p-cduct. MS: m/z (%) = 252 CM+), positive test with &nitrophenyl hydra- 

zinc. 

(lOR,ll Rl-lo-Hydroxymethyl-11-methoxymethyl-TSKIi (17). 

lb a vigorously stirred mixture of 794 ng (3.13 -1) 16 50 ng tetra-n-hltylamnonium trcxnide 

in 10 ml methylene chloride and 10 ml 50% aqueous NaCH were added 400 ~KJ (3.27 -1) dimethyl 

sulfate. After stirring 10 min. at room temperature 200 ml water ware added, followed by extraction 

with methylene chloride (50 ml, 2 times). Work-up and chromatography (PE/acetone 1O:l) yielded 771 

mg of 17 (92 %l as a colourless oil. ' H-NMR (80 MHz, CIX13): 2.3 (broad s, lH, -CH), 3.0 - 3.8 (m, 

6H, two arCH-CH 1, 3.25 (s, 3H, -CKH31, 4.05 - 4.2 (m, 2H, - -2 
ar-CI12-arl, 7.0 - 7.3 (m, EH, arm. H). 

IR (CliC13): 3600, 3420, 2940 - 2880, 1490, 1460, 1120 cm-'. MS: m/z (%l = 250 (8, (M -H20)+), 236 

(43), 218 (27), 205 (1001, 191 (45), 179 (45). 

(10R,11R)-10,11-ELi.smethoxymethy1-~ (18). 

TO a vigorously stirred mixture of 1.2 g (4.72 mnol.1 16, 100 ng tetra-n-butylamnonium txomide, 

15 ml methylene chloride, and 15 ml 50% aqueous NaCH were added 6 ml dimethyl sulfate and the Emil- 
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sion was heated to 50°C for 5 h. Afterwards another 4 ml dimethyl sulfate here added and stirring 

was continued for 5 h at 50"~. Dilution with 200 ml water, extraction with methylene chloride, 

mrk-up and chrcmatogramy (PE/ethyl acetate 15:l) gave 1.264 g of 18 (95%) as a c~lo~rle~s oil. 

'H-NMR (80 mz, cDc13): 3.1 (s, 6H, two -ocH3), 3.2 - 3.7 (m, 6H, two arCKcH2). 4.0 (s, 2H, -- 
ar-E2-ar), 6.8 - 7.1 (m, EH, arcnn. H). IR (CHC13): 3000, 2940 - 2820, 1490, 1450, 1110 an-'. MS: 

m/z (%) = 250 (37, (M-cH3cH)+), 218 (25), 205 (921, 191 (39), 179 (271, 45 (100). 

(lOR,llR)-lO,ll-Bisacetoxymethyl-DBM (19). 

'Ib a solution of 167 rq (0.66 mnol) 16, 10 nq DUAP and 0.3 ml triethylamine in 1 ml dioxane 

were added 0.5 ml acetic anhydride. After stirring 30 min. at roan temperature the solvent was 

evaporated in vacua and the residue purified by chrcmatcgra@y (PE/ethyl acetate 8:ll: 209 mg of 

19 (94%), colourless oil. 'H-NMR (80 Wlz, ClX13): 2.0 k, 6~. two axis), 3.4 - 3.65 (m, 2H, two 

arul-), 3.95 - 4.50 (m, 4H, - -CH20Ac), 4.2 (s, 2H. ar-CH2-ar), 7.05 - 7.30 (m, 8H, arcm. H). TR 
(cHc13): 3010, 2960, 1740 (CO), 1500, 1370, 1240 an-'. W: m/z (%) = 278 (25, (~-cH~cooH)+), 218 

(1001, 205 (58), 191 (29). 

(lOR,llR)-lO,ll-Biscarboxymethyl-D (20). 

A mixture of 1.03 g (3.73 mnol) 22 in 9 ml cont. H2.S04, 9 ml water and 15 ml acetic acid was 

refluxed for 6 h. The reaction mixture was poured onto 200 g ice, followed by extraction with 

ether (60 ml, 3 times). 'Ihe solvent was evaporated in vacua and the residue dissolved in 75 ml 10% 

aqueous KCH. After washing with 50 ml Cli2C12 (3 times) the aqueous plase was acidified with HCl 

and extracted with ether (50 ml, 3 times). Work-up and crystallization from PE/acetone yielded 810 

nq of 20 (70X), m.p. 134°C (PE/acetone), 'H-m (80 Wlz, acetoneA6): 2.45 - 2.65 (m, 4H, two 

-Cli2coO), 3.6 - 3.85 (m, 2H, two arCli-), 4.3 (s, 2H, ar-a_2-ar), 7.1 - 7.35 (m, EH, aran. H). IR 

(K&-J: 3600 - 2400 (IX), 1700 (CO), 1490, 1410, 1260. KS: m/z (%I = 310 (0.2, M+), 292 (23, 

(WH20)+), 250 (621, 191 (100). 

(lOR,ll~)-DlXSlO,ll-bisacetic acid dimethyl ester (21). 

810 rq 20 wzre esterified with etherial diazcnnethane as usual. Hark-up and &rcnnatcqraphy 

(PE/ethyl acetate 1O:l) yielded 841 mg of 21 (quantitative) aa a colourless oil. 'H-NMR (80 Hz, 

CK13): 2.4 - 2.6 (m, 4H, two -o12-aX), 3.5 (s, 6H, two -aH3), 3.5 - 3.9 (m, 2H, two arai-1, 4.3 - 
(s, 2H, ar-CH2-ar). IR (CllC13): 3010, 2950, 1730 (a), 1440, 1165 cm-'. MS: m/z (9s) = 338 (2, M+), 

306 (35, (M -CH3W+), 264 (72), 205 (42). 191 (1001, 178 (18). 

(lOR,llR)-lO,ll-Biscyanomethyl-C (22). 

From 2.495 g (9.82 ITIIKJ~) 16 and 4.13 g (21.6 -1) p-toluenesulfonyl chloride was wepared 

the ditosylate (95%, cf. 34). The crude ditosylate was dissolved in 10 ml dimethyl sulfoxide and 

added dropuise to a hot (95°C) suspension of 1.43 g (27.8 nm~l) NacN (dry) in 18 ml DMSO. ?he 

mixture was stirred 1 h at 95"C, cooled to roan temperature and poured into 500 ml 3% aqueous 

Nash. After extraction mth 70 ml ether (3 times) and work-up the product was purified by chranat- 

graphy (PE/ethyl acetate 7:l): 1.62 g of 22 (63%63, m.p. 163"~ (PE/ethyl acetate). 'H-NMR (80 Wz, 

CLK13): 2.4 - 2.7 (m, 4H, two -cH2-cN), 3.5 - 3.8 (m, 2H, two ar~l-), 4.25 (s, 2H, ar-c~_~-ar), 7.1 - 
- 7.3 (m, EH, arm. H). IR (CIK13): 3010, 2250 (a), 1500, 1440, 1240 cm-'. MS: m/z (%I = 272 (14, 

M+,, 231 (4, (M -013cN)+), 205 (41, 191 (loo), 178 (5). 

(lOR,llR)-lo-Hydroxymethyl-11-methyl-W (23). 

'lb a cooled (0°C) solution of 756 rrg (2.98 ml) 16 in 10 ml Wridine wzre aMed 570 rq (2.98 

mnol) ptoluenesulfonyl chloride. After stirring 3 h at rocm temperature the reaction mixture was 

poured onto ice followed b,~ acidification (Hcl) and extraction with CIi2C12 (60 ml, 2 times). !Ihe 

organic @ase was washed twice with 5% aqueous HCI and water, dried over ~~80~ and evaporated in 

vacua. 'Ihe residue was dissolved in 20 ml ?HF and the solution aMed dropise to a suspension of 

250 nq (6.4 mnol) LiAlH4 in 40 ml ether. The mixture was refluxed for 1 h and mrked up as usual. 

Chromatography (PE/ethyl acetate 6:l) yielded 205 q of 23 (29%), m.p. 75 - 76OC (ether). 'H-W 

(80 Hz, CECl3): 1.4 (d, 3H, -CH3), 2.9 - 3.9 (m, 5H, ~WJ arE- and -CH22cH_), 4.1 (&system, 2H, 

ar-cH2-ar), 7.0 - 7.3 (m, EH, arom. H). -1 IR (cHC13): 3000, 2990, 2880, 1490, 1060, 920 cm . MS: 
m/z (X1 = 236 (100 (M-HZ)+), 205 (64), 191 (57), 178 (46). 
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~lOR,11R)-1O,11-Dimethyl-~ (24). 

From 124 rq (0.49 mnoll 16 and 196 ng (1.03 ml) p-toluenesulfonyl chloride in 3 mI Wridine 

was Jx-epared the ditosylate as described for 23. lhe crude ditosylate was dissolved in 4 ml 'IHF 

and this solution added dropwise to a suspension of 100 ng tiAlH4 in 20 ml ether. 'Die usual work-up 

and chrcmatcgramy (pentane/ ether 1OO:l) yielded 56 nrg of 24 (52x1, m.p. 38°C (MeoH). 'H-NMR (80 

FHz, ClX13): 1.4 (d, 6H, two -CH3), 2.9 - 3.2 (m, 2H, two arm-), 4.0 ha, 2H, ar-CH2-ar), 6.9 - - 
7.2 (m, 8H, at-cm. H). MS: m/z (%l = 222 (76, M+), 207 (100, (M-CH31+l, 193 (391, 178 (611, 165 

(151. 

3-ylch-oxy-~4aR,13bR~-1,3,4,4a,9,13~hexahydr~2H-tribenzo[a,c,e]cyclohepten-2~ne (25). 

155 IQ (6.74 mnol) sodium ware malted by heating in 8 ml xylene (under Arl ad then dispersed 

to sodium sand (vibrator). !Ib the cooled suspension were added 780 nq (7.15 mnol) chlorotrimethyl- 

silane and 505 q (1.49 mnoll 21 (dissolved in 3 ml xylene) and the mixture was refluxed for 3 h. 

NaCl was filtered off, the solution was concentrated in vacua ZUXI the residue dissolved in a 

mixture of 20 ml 'IHF, 10 ml acetic acid and 3 ml 10% aqueous Kl. After stirring 12 h at room 

temperature 100 ml water were added followed by extraction with ether (50 ml, 3 times).Work-up and 

chrrxnatcgraphic separation (PE/ethyl acetate 1O:l) yielded 224 rq of 25 (54%) and 105 mg (23%) of 

a A-ketoester (Dieckmann product), which was identified by its spectraI data. 

25: m.p. 86°C (ether). 'H-NMR (400 IrHt, cDc13): 2.8 - 2.95 (m, 4H, -CH2CXL and -CH2Crm-1, 3.25 - 

3.4 (m, lH, at-Cl&), 3.55 - 3.65 (m, lH, arCH-1, - - 3.8 (broad s, lH, -CXi), 3.9 - 4.3 (m, 2H, ar-CH2 

-ar), 4.45 (m, lH, -CO-CH-ai), 7.0 - 7.2 (m, 8H, arom. 
-1 

H). IR (CHC13): 3500, 3000, 2960 - 2860, 

1720, 1490, 1450, 1100 cm . MS: m/z (%l = 278 (100, M+), 260 (11, (M-H20)+), 234 (281, 205 (921, 

191 (851, 179 (95). 

H-ketoester (Dieckmann fypcductl: 'H-NMR (400 mz, CLXl31: 2.7 - 3.1 (m, 2H, -CH2--1, 3.8 (s, 

3H, C0XH3), 3.8 - 3.9 (m, 2H, arcH-CHarI, -- 4.4 (m, 2H, ar-E2ar), 4.6 (m, lH, CD-CH--1, 7.0 - 

7.3 (m, 8H, arom. Hl. IR (CHC13): 3000, 2960 - 2860, 1760, 1730, 1490, 1440, 1260 on-'. MS: m/z 

(%) = 306 (24, M+,, 274 (15, (M- 0130Hl+), 247 (1001, 218 (131, 203 (291. 

(4aR,13bR)-2,3,4,4a,9,13~Hexahyclro-lH-tribenzo[a,c,e]cycloheptene (261. 

'Ib a mixture of 224 mg (0.8 ml1 25, 300 ng tin powder and 2 ml acetic acid were added 2 ml 

cont. HCl. After stirring 30 min. at 80°C another portion of 2 ml aonc. HCl was added and stirring 

was continued for 1 h (8OOC). 'Ihe cooled mixture was poured into 80 ml water, followed bj extrac- 

tion with ether (50 ml, 3 times). Work-up yielded 180 q crude ketone, which was reduced as fol- 

lows. A mixture of 180 ng ketone, 400 ng KOH, and 1 ml hydrazine in 5 ml triethyleneglycol was 

heated at 160°C for 3 h. 'Ihe cooled mixture was poured into 200 ml water, followed by extraction 

with ether (50 ml, 3 times). Work-up and chrcmatcgraphy (pentane/ ether 6O:l) yielded 101 rq of 26 

(total yield 51%) as a colourless oil. 'H-NMR (80 t4lz, cDc13): 1.3 - 2.7 (m, 8H, -(CH214-1, 3.0 

(m, 2H, two arz-1, 4.05 (s, 2H, ar-CH2-ar), 7.0 - 7.25 (m, BH, arom. Hl. MS: m/z (%l = 248 (47, 

k,, 246 (191, 205 (25, (t.K3H7)+), 191 (441, 179 (1001. 

~5aR,14bR~-5,5a,10,14~~trahydro-1H-dibnzo~3,4:6,7~cyclohepta~1,2-el~1,3,2~dioxathiepine-3-oxide 

(cyclic sulfite of 16) (271. 

'Do a solution of 103 ng (0.41 nmol) 16 and 55 mg (0.46 ml1 thionyl chloride in 1 ml CH2C12 

were added 0.5 ml triethylamine and the mixture was stirred for 10 min. at roan temperature. It 

was diluted with 20 ml a12C12, washed with water and worked up. Chromatography (PE/ethyl acetate 

1O:l) gave 114 ng of 27 (94x1, m.p. 144°C (PE/ethyl acetate). 'H-N?47 (80 mz, CIxZ131: 3.4 - 4.1 

(m, 6~, two amm ), 4.3 - 4.5 (m, 2~. ar-c~~-ar-), 7.0 - 7.3 (m, 8~, at-a. Hl. 1~: 3000, 2960 - - -2 
2860, 1490, 1460, 1190, 980 an-'. MS: m/z (%I = 300 (8, M+), 235 (4, (ECHS02)+), 205 (1001, 191 

(581, 178 (44). 

~5aR,14bR~-5,5a,10,14~Tetr~y&~l~benzo~,4:6,7lcyclohepta~1,2-el~,3,2ldioxaphosphepine-3~ic 

acid (cyclic &o.s@ate of 16) (281. 

To a solution of 122 kg (0.48 mnoll 16 and 106 ng (0.67 mnol) KX13 in 1 ml cH2C12 were added 

120 ng (1.19 mnol) triethylamine. After stirring 30 min. at roan temperature it was diluted with 

20 ml cH2CJ2, washed with water and troqht to dryness in vacua. 'Ihe residue was refluxed with 30 

ml 2% ;gueouS Na2CC3 for 2 h. After cooling the solution was washed with 30 ml cH2C12 2 times and 
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the water @a.se sidified with 10% aqueous HCl. lbe pecipitated acid was filtered off, dried in 

vacua and crystallized from ethanol/benzene: 118 ng of 28 (78%), m.p. 226°C (decomposition). IR 

(KB-): 3010, 2960 - 2900, 2700 - 2500, 1490, 1450, 1240 (PO), 1010 an-'. W: 316 (2, M+,, 236 (8, 

(M-HPO~)+), 218 (441, 202 (loo), 192 (36), 178 (63). Found: P, 9.60%. C17H1704P requires P, 9.79%. 

~5aR,14bR~-3,3-Dimethyl-5,Sa,lO,l41>-tetrahy~o-1H~dibenzo~3,4:6,7~cyclohepta [1,2-e] cl,31 dioxepine 

(isopropylidene acetal of 16) (29). 

A mixture of 155 q (0.61 ml) 16, 0.2 ml 2.2-dimethoxypropane and 5 q ptoluenesulfonic 

acid in 2 ml benzene was refluxed for 5 min., then evaporated in vacua and chrcmatcgraphed (PE/ 

ethyl acetate 1O:l): 155 mg of 29 (86%). M.p. 55°C (ether). 'H-NMf? (80 Wlz, CrC13): 1.4 (s, 6~, 

two -cH3), 3.2 - 3.4 (m, 2H, two at-C&), 3.9 - 4.3 (m, 4H, two CF120), 4.0 (s, 2H, 6.9 - 
- 7.1 (m, 8H, at-cm. H). IR (CHC13): 3000, 2950 - 2890, 1495, 1460, 1380, 1100 cm-'. 

ar-CH2-ar), 

MS: m/z (X) = 

294 (0.5, M+,, 264 (13, WY20)+), 206 (loo), 178 (91). 

Methyl (l0R,1lR)-1O-carboxy-DBM5-one-ll-carboxylate(3O). 

Tb 2.51 g (8.54 mnol) 49 In 35 ml acetone were added 12 ml Jones reagent and the mixture was 

stirred at room temperature for 16 h. After ation of 6 ml Jones reagent stirring was continued 

for another 12 h, ethanol was added and the solution was concentrated in vacua. The suspension of 

the residue in 50 ml of 5% aqueous HCl was then extracted with ether (50 ml, 3 times). Work-up and 

chranatcgra~y (PE/ethyl acetate 2:1, 1% acetic acid) yielded 2.1 g of 30 (80X), m.p. 194°C (PE/ 

acetone) .Cal~ = +344 (c = 2, dioxane). 'H-W (80 mz, CDC13): 3.4 (s, 3H,-0CH3), 4.8 (s, 2H, 

arm-coo), - 7.1 - 7.6 (m, 6H, arom. H), 7.9 - 8.2 (m, 3H, 2 arcm. H and axHI. IR (K&j: 3500 - 

2800 (CH), 1735 (Co), 1630, 1600, 1440, 1300 an-'. MS: m/z (%) = 310 (8, M+), 266 (75, (M-cO2)+), 

251 (45), 233 (351, 207 (551, 178 (100). 

Dimethyl (10R,11R)-IXQl-5-one-10,11 acarboxylate (31). 

1.49 g 30 ware esterified with ethereal diazomethane as usual. Work-up gave 31 in ouantitative 

yield. M.p. 110°C (ether). 'H-NNR (80 mz, cDc13): 3.4 (5, 6~, two -031~). 4.8 (s, 2H, two arcH - 
-cw), 7.0 - 7.6 (m, 6H, at-an. 

1640, 1590, 1430, 1290 an-'. 

H), 8.0 - 8.3 (m, al, arm. H). IR (ClK13): 3040 - 2950, 1730, 

!S: m/z (%) = 324 (25, M+), 292 (60, (M-CH3cH)+), 265 (1001, 233 

(731, 205 (64), 178 (94). W (cH3CN): X (~1 = 345 (350), 266.5 nm (14530). 

~l0R,1lRI-l0-~thoxycarb3nyl-De3C5-one-~~~~1R~-l-~enylethyl~-carboxa~de (32). 

A solution of 200 q (0.65 mnol) 30 and 78 nq (0.65 mnol) R(+)-phenylethylamine in 1 ml * 
cH2C12 was cooled to 0°C and then 133 mg (0.67 mnol) DCC were ;dded. After stirring for 12 h at 

room temperature 20 ml CH2C12 were added followed by mrk-up. Chrcnnatcqra@y (PE/ethyl acetate 

3:l) gave 178 nq of 32 (67%), m.p. 221°C (pentane/CH2C12). 'H-NW? (80 Hz, CrX13): 1.2 (d, 3H, 

-CH3), 3.45 (s, 3H, -CCH3), 4.75 (m, 2H, two arCIS), 4.8 - 5.0 (m, lH, KY), 5.3 (m, lH, NH), 6.5 - 
-6.7 (m, 2H, arom. H), 7.0 - 7.7 (m, 9H, arcan. H), 7.9 - 8.4 (m, 2H, arcm. H). IR (CX13): 3420 

(tW), 3010, 1740 (ester), 1660 (Co, amide), 1600, 1510, 1300 on-'. KS: m/z (%) = 413 (19, k), 381 

(21, 266 (481, 207 (SO), 178 (291, 105 (100). 

Nitration of 31 to 33, 34, and 35. 

1.557 g (5.02 mnol) 31 were dissolved in 18 ml 95% aqueous HNo3 at 0°C. ?he mixture was 

heated slowly (20 min.) to 50°C. After stirring 5 min. at 50°C the reaction mixture was poured 

Onto 300 g ice followed by extraction with CH2C12 (80 ml, 2 times). Work-up and chranatcgraphic 

separation (PE/acetone/ethyl acetate 7:1:2) yielded 187 nq of 33 (9%), 378 ng of 34 (18%) and 504 

nq of 35 (24%). 

33: Dimethyl 1,6-dinitro-IBEX-S-one-lO,ll-dicarboxylate. 

M.p. 147°C (ether). 'H-NW? (400 Wlz, cDc13): 3.45 (s, 3H, m3), 3.55 (s, 3H. axxH3), 4.75 and 

5.4 (A&system, 2H, two arc_-, J = 5 Hz), 7.5 - 7.7 (m, 3?i, H(3), H(8), and H(9)), 7.95 (m, lH, 

H(4)), 8.15 - 8.3 (m, 2H, H(2), and H(7)). II? (CX13): 1745, 1535, 1350 an-'. IS: m/z (%) = 414 

(19, M+,, 382 (60), 355 (loo), 323 (48), 59 (91). 

34: Dimethyl l,7-dinitro-lESY-5-one-lO,1ld.icarbxylate. 

M.p. 159°C (ether). 'H-NMR (400 Wiz, W13): 3.5 Ls, 3H, tXXH3), 3.55 (s, 3H, a30cH3), 4.8 - 5.0 

(A&system, 2H, two arc_-, J = 5.3 Hz), 7.5 - 7.65 (m, 3H, H(3), H(4), and H(9)), 7.9 (m, lH, 

H(2)), 8.5 (m, lH, H(8)), 8.85 (m, lH, H(6)). IR (aa3): 1745 (a,), 1535 (a.~. N)~), 1350 ts. ~3~) 
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cm-'. MS: m/z (X) = 414 (9, M+), 382 (22). 355 (42), 323 (291, 59 (100). 

35: Dimethyl 3,7-dinitro-DBCK5-one-lO,ll-dicarboxylate. 

M.p. 207'C (ether). 'H-NMR (400 Wlz, CDC13): 3.45 (s, 6H. two CKW3), 4.9 (s, 2H, two at-Cl&), 7.5 

(m, 2H, H(l) and H(9)), 8.35 (m. 2H, H(2) and H(8)), 9.0 (m, ZH, H(4) and H(6)). IR (CHC13): 1745, 

1535, 1350 cm -'. t@9: m/z (X) = 414 (16, M+), 382 (53), 355 (71), 323 (38), 59 (100). 

(1OR,11R)-10,11-Bismethoxymethyl-D5-one (36). 

A mixture of 1.34 g (4.75 sreol) 18 and 2.9 g t43(~1~)2.6 H20 in 15 ml water wits warm& up to 

60°C. 'Ib the stirred mixture 1.46 g (9.24 nmnol) lO410~ were added in small prtions and the tempe- 

rature was kept at 60°C for 3 h. After cooling to room temperature a mixture of cont. aqueous 

NaHS03 and 5% aqueous HC1 was added until the precipitated Mi02 had dissolved, then the solution 

was extracted with 60 ml CH2C12 (3 times). Work-up followed by chromatography (PE/ethyl acetate 

20:1) yielded 1.37 g of 36 (97%) as a colourless oil. 'H-NMR (80 mz, ClX13): 3.1 k, 6~, the 

-ocH3), 3.2 - 3.8 (m, 6H. two at-a+cIi2), 7.2 - 7.6 (m, 6H, arcm. H), 7.95 - 8.15 (m, al, arcm. H). -- 
IR (W13): 3000, 2940 - 2840, 1650 (a)), 1600, 1450, 1300, 1110 cm-'. MS: m/z (%)= 296 (2, M+), 

264 (14, WCH3CXi)+), 251 (9), 220 (26), 193 (18). W (CH3CN): X max (E) = 345 (4303, 267 run 

(13920). 

Nitration of 36 to 37, 38, and 39. 

2.05 g (6.93 nvaol) 36 were nitrated as described for 31. Chrcmatcgraphic separation (PE/ethyl 

acetate/acetone 20:4:1) gave 584 ng of 37 (22%), l.llg of 38 (42%), and 312 ng of 39 (11%). 

37: (l0R,llR)-1,7-Dinitr~lO,11-bismethoxymethyl-D5-one. 

M.p. 92°C (MecH). 'H-NMR (400 FHz, cDc13): 2.9 and 3.3 (m, 2H, CH20), 3.05 (s, 3H, -OCH3), 3.1 (s, 

3H, -OZ3), 3.5 and 3.7 (m, ZH, Ui20), 3.8 (m, lH, ar;-), 4.1 (m, 1H arE-), 7.5 (m, ZH, H(3) and 

H(9)), 7.9 (m, lH, H(4)), 8.05 (m, lH, H(Z)), 8.3 (m, lH, H(8)), 9.05 (m, lH, H(6)). IR (CHQ3): 

3010, 2940 - 2840, 1660, 1610, 1530, 1350 cm-'. M5: m/z (%) = 280 (2), 252 (l), 208 (6), 45 (100). 

w (cH3CN): Amax (E) = 337 (720, sh), 249 IXT (26150). 

38: (l0R,llR)-3,7-Dinitro-l0,ll-bismethoxymethyl-D5-one. 

M.p. 186°C (&C+l). 'H-NMR (400 mz, CDC13): 3.1 (s, 6H, two -CCH3) 3.2 - 3.45 (m, 4H, two CH20), 

3.8 (m, 2H, two at-G-l-), 7.55 (m, 2H, H(l) and H(9)), 8.3 (m, 2H. H(2) and H(8)), 8.95 (d, 2H, H(4) 

and H(6)). IR (CHC13): 3020, 2940 - 2840, 1660, 1610, 1530, 1350 an-'. MS: m/z (%) = 280 (27), 250 

(2), 204 (2), 45 (100). W (Cli3CN): A max (e) = 347 (970, sh), 257 nm (35850). Pound: N, 7.12%. 

ClgH1807N2 requires N, 7.25%. 

39: (10R,llR)-3,6-Dinitro-lO,ll-bismethoxymethyl-D5-one. 

M.p. 89°C (Mew). ’ H-NMR (400 Mkz, CDC13): 3.05 and 3.35 (m, 2H, CH20), 3.1 (s, 3H, -KH3), 3.15 

(s, 3H, -KH3), 3.5 (m, 2H, CH20), 3.8 (m, 2H, two arc-), 7.55 (m, 3H, H(l), H(8), and H(9)), 7.8 

(m, lH, H(7)), 8.3 (m, lH, H(2)), 8.8 (m, lH, H(4)). IR (CHC13): 3010, 2940 - 2840, 1675, 1610, 

1530, 1350 cm-'. KS: m/z (%) = 280 (36), 250 (3), 204 (3), 45 (100). W (CH3CN): Amax (E) = 345 

(1150, sh), 245 nm (22490). 

(l0R,llR)-l0,ll-Bismethoxymethyl-5-hydroxy-~ (40). 

'lb a suspension of 100 nq (2.5 nrmol) tiAlH4 in 10 ml ether were added 553 mg (1.868 mnol) of 

36, dissolved in 5 ml ether and this was stirred at room temperature for 10 min. After cooling to 

0°C water was added and the pecipitate dissolved in 10% aqueous Irh14C1. General work-up and chroma- 

tography (PE/acetone 1O:l) gave 538 INJ of 40 (97%), m.p. 89°C (ether/pentane). 'H-NMR (80 Mlz, 

ClX13): 1.6 (s, lH, OH), 3.2 (s, 3H, -m3), 3.3 (s, 3H, -ocH3), 3.3 - 4.1 (m, 6H, two a~--cH-cH_~), 

6.9 (d, lo, .x~cTJ-O), 7.1 - 7.5 Im, 8H, ara. H). IR (cHc13): 3600 CcH), 3500 - 3300 (ai), 3000, 

2940 - 2840, 1480, 1450, 1120 cm-'. KS: m/z (%) = 298 (1, M+), 280 (1, (M-H20)+), 266 (9), 235 

(21), 221 (53), 204 (71), 191 (loo), 178 (46). 

(lOR,ll R)-lO,11-Bismethoxymethyl-5-hydroxy-5-methyl-DB1~1 (41). 

To a methyl Grignard sol.ution pepared from 250 q (10.4 mnol) m and 1.48 g (10.4 -1) &I 

in 15 ml ether ware added 769 rrg (2.6 nrmol) 36 (dissolved in 5 ml ether). It was stirred at room 

temperature for 10 min. and then refluxed for a short nrxnent. After adding 10% aqueous Ni4C1 it 

was extracted with ether and worked up. Purification by chromatography (PE/ethyl acetate 8:1) 

yielded 706 ng of 41 (87%), m.p. 74°C (ether/pantane). 'H-NMR (80 ms, CDC~~): 1.9 (s, 3H, -cH3), 
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3.1 (s, 3H, -cxY31, 3.0 - 4.0 (m, 6H,t*x, arai-ai2), 3.3 (s, 3H, -OZ13), 7.0 - 7.5 (m, 6H, arom. H), -- 

7.7 - 7.9 (m, ZH, aran. H). IR (CHC13): 3590 (CXi), 3500 - 3300 (OH), 1490, 1450, 1110 cm-'. MS: 

m/z (%) = 294 (18, (M-H20)+1, 249 (481, 205 (561, 178 (25). 

(l0R,llR1-10,11-Bism&hoxymethyl-5-methylenc+~ (42). 

lb a cooled solution (0°C) of 440 nq (1.41 mnol) 41 in 10 ml pyridine are added 2 ml .XC12. 

After stirring 10 min. at 0°C the reaction mixture was poured onto ice (100 gl, acidified with HCI 

and extracted with cH2C12 (50 ml, 2 times). General mrk-up and chromatography (PE/ethyl acetate 

15:l) yielded 390 rq of 42 (94%). m.p. 65"~ (pentane/ether). 'H-NMR (80 a, CEC13): 3.2 (s, 6H, 

two -ocH3), 3.3 - 4.7 (m, 6H, two arCI+Cli2), 5.4 (s, 2H, &HP), 7.1 - 7.5 (m, 8H, arom. H). IR -- 
(CHC13): 3070 - 3010, 2940 - 2840, 1490, 1195, 1115 cm-'. MS: m/z (%) = 294 (4, M+), 262 (331, 249 

(7), 217 (31), 202 (191, 191 (81). 

(lOR,llR)-lO,1l-Bismethoxymethyl-3,7-diamino-~5~ne (43). 

lb a mixture of 870 ng (2.25 ml) 38 in 30 ml acetic acid and 4 ml cont. HCl were added in 

small portions 6 g SnC12. 2 H20. After stirring for 30 min. at 80°C the solution was cooled to 0°C 

and 20 % aqueous KCXI was added until @I 10 was reached. Extraction with 80 ml CH2C12 (3 times), 

work-up and chromatography (CH2C12/ethanol 20:1, 0.5% triethylaminel gave 654 nq of 43 (89%). m.p. 

58°C (ether). 'H-NM (80 mz, CfK13): 3.1 (s, 6H, two -ocR3), 3.1 - 3.5 (m, 6H, two arai-a12), 3.9 -- 
(s, 4H, two -W2), 6.5 - 7.3 (m, 6H, arom. H). 

1625, 1500 an-'. 

TR (CHC13): 3460, 3400 (t+i2), 3010, 2940 - 2840, 

FIS: m/z (%I = 326 (18, M+), 294 (81, 281 (9), 249 (1001, 236 (241, 223 (17). W 

(cH3RI):X (a) = 350 (760), 243 ~1 (42900). 

~10R,11R~-~~-Biacetamido-lO,1l-bismethoxymethyl-D!3-one (44). 

A mixture of 24 mg (0.07 mnol) 43, 0.2 ml acetic anhydride and 0.1 ml Wridine in 0.5 ml 

dioxane was stirred at room temperature for 30 min.. 'Ihe solvent was evaporated in vacua and the 

residue chromatcgraphed (CH2Q2/ethanol 2O:l): 28 rr~~ of 44 (96%). m.p. 113 - 114°C (ether). 

'H-NMR (80 mz, CBC13): 2.3 (s, 6H, tWo CDCH31, 3.2 (s, 6H, two -OCB3), 3.3 - 3.7 (m, 6~, two 

arai-ai ) - -2 ’ 7.3 - 7.5 (m, 4H, arcm. H), 7.9 (m, 2H, aran. H), 8.05 (broad s, 2H, two -NiOJ-1. IR 
(cHC13): 3440, 3320, 3000, 2930 - 2830, 1680 (ml, 1600, 1530, 1310, 1100 cm-'. MS: m/z (%).= 

410 (8, M+,, 378 (31), 335 (59), 307 (171, 291 (60). W (Cl13cN): ~~~~ (~1 = 323 (3190), 246 nm 

(48500). 

(l0R,llR)-l0,ll-Bis~tho~thyl-3,7di~~mino-DBCH (45). 

'lb a suspension of 300 mg (7.69 mnol) LiA1H4 in 40 ml ether was added dropwise a solution of 

1.025 g A1C13 (7.69 mnol) in 20 ml ether. After stirring 10 min. at room temperature 312 rag (0.96 

mnol) 43 (dissolved in 8 ml 'IHF) ware added and the reaction mixture was refluxed for 2 h. 'Ib the 

cooled mixture was added 20% aqueous t&W until the ether phase hacams clear. 'lhe coll.ected p-eci- 

pitate was refluxed 3 times with a mixture of 50 ml CH2C12 and 10 ml ethanol. These organic phases 

were combined and worked up. Chromatography (CH2C12/ethanol 20:1, 0.5% triethylamine) yielded 275 

mg of 45 (92%), m-p. 54°C (ether). 'H-NW (80 MHz, CEC13): 3.25 (s, 6H, two -CUi3), 3.2 - 3.6 (m, 

lOH, two arCll-Cl12 and two Ni2), 3.9 (s, 2H, ar-CH2-ar), 6.35 - 6.55 (m, 4H, arom. H), 6.9 - 7.05 -- 
(m, 2H, at-an. H). IR (CHC13): 3450, 3380 (Ni2), 3000, 2920 - 2820, 1620 (NH2), 1500, 1120 cm-'. 

MS: m/z (%;) = 312 (19, M+), 280 (10, (M-CT130H)+) 267 (75), 235 (75), 222 (100). W (CH3CN: X max 

(~1 = 296 (4720), 245 nm (21500). 

~1OR,llR)-lO,ll-Bismethoxymethyl-3,7diacetmnid~D8(H (46). 

62 rag (0.2 mnol) 45 were acetylated as described for 44. Chromatography (CH2C12/ethanol 20:1 ) 
yielded 74 ng of 46 (94 X), m.p. 102 - 103'C (ether). 'H-NMR (80 l4iz, CEC13): 2.05 (s, 6H, tm 

CXH,), 3.2 - 3.7 (m, 6H, two arcH-cH21, 3.7 (s, 2H, ar-E2-ar), 6.9 - 7.25 (m, 6H, aran. H), 7.6 -- 
(s, ZH, two -WCC!-1. IR (CliC13): 3440, 3320, 1680, 1610, 1540, 1130 cm-'. W: m/z (%) = 396 (8, 

k,, 364 (26, W13CB1+), 332 (8). 319 (1001, 305 (201, 277 (65). w (CHOCK): amax = 270 

(6320), 245 run (34560). 

(l0R,llR)-10,ll-Bismethoxymethyl-3,7diacetoxy-~ (47). 

335 rrg (8.93 mnol) 45 were dissolved in a not mixture (80°C) of 0.4 ml cont. H2S04 and 1.1 ml 

water. After cooling to rocxn temperature 1 g ice and a solution of 180 ng (2.61 mnol) NabD2 in 0.5 

mol water was added, then the mixture was stirred for 5 min. at 5°C. 1.6 g ice, 1.6 ml water and 
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20 rq urea (without urea app-eciable rvn0unt.s of dinitroso-diphenols were isolated and characterized 

by their ME;) were added and stirring was continued for 10 min. (5°C). This mixture was added 

dropwise to a hot suspension (135°C) of 13.8 g Na2SO4 in 10 ml cont. H2S04 and 9 ml water. After 

10 min. the mixture was cooled, 200 ml water here added and the lxecipitated diphenol was filtered 

off. 'Jhe crude p-aduct was refluxed in acetone with charcoal, followed by work-up. Chromatography 

(chloroform/ ethanol 25:l) yielded 104 nq of a diphenol (31%) as a very unstable compound: W: m/z 

(%) = 314 (4, M+), 299 (10). 282 (221, 237 (641, 211 (261, 45 (1001. A mixture of 47 ng (0.15 

ImDl) dipflenol, 5 ng LZ4AP, 0.1 ml triethylamine, and 0.1 ml acetlc anhydride in 0.5 ml dioxane was 

stirred at room temperature for 10 min., then the solvent was evaporated in v-o and the residue 

chrcmatcgraphed (PE/acetone 7:ll. It yielded 56 rq of 47 (93 %l as a colourless oil. ‘H-NW (80 

MHz, ClX131: 2.25 (s, 6H, two aXH,), 3.25 (s, 6H, two -aH3), 3.2 - 3.7 (m, 6~. two ~KH-CH J, - -2 
4.05 (s, 2H, ar-CH2-ar), 6.8 - 7.2 (m, 6H, arcm. H). IR (CHC13): 3000, 2930, 1760 (a), 1500, 

1370, 1200 cm -'. MS: m/z (%I = 398 (0.4, kl, 366 (111, 324 (36), 279 (401, 237 (28). 45 (100). W 

(cH3CN):x max (~1 = 277 ~lll (2590). 

5,5~-ai~~lOR,1lR~-l0,l1-bismethoxymethyl-dibenzo[a,d)cycloheptenyl]~48~. 

A suspension of 130 ng (0.84 nrmol) Tic13 and 17 ng (0.47 mnol) LiAlH4 in 3 ml 'IHF was stirred 

under argon for 30 min. at 0°C. 'Ihen 198 ng (0.67 nrnoll 36 (dissolved in 1 ml THFJ were added and 

the mixture was refluxed for 3 h. After dilution with 50 ml water and acidification (HClJ the 

emulsion was extracted with ether (40 ml, 3 times). Work-up and chrcmnatcgraphy (PEfethyl acetate 

15:l) yielded 82 ng of 48 (43%), m.p. 207 - 208°C (ether). 'H-NMR (80 Hz, CDC13): 3.5 Ls, 6H, two 

-ali3), 3.6 Ls, 6H, two -cCH3), 3.1 - 4.4 (m, 12H, four arCH-CH 1, 6.0 (s, 2H, two ar2a+l, 6.8 - - -2 
7.5 (m, 16H, at-an. Hl. IR (CHC131: 3000, 2940 - 2820, 1480, 1450, 1120 cm-'. MS: m/z (%) = 526 (6, 

M+,, 486 (2). 453 (21, 421 (2), 395 (2), 281 (61, 191 (100). 

Mathy (5S,1OR,llR~-l2-oxo-l0,ll~hydro-5H-5,lO-oxaethano~ibenzo[a,d]cycloheptene-ll-carb3xylate 

(49). 

A mixture of 2.83 g (9.13 Nell) t-J-9, 1.7 g (9.58 nmol) N-bromosuccinimide and 0.1 ml di- 

tert-butyl peroxide in 80 ml Ccl4 was refluxed for 2 h, then cooled to 0°C and filtered. lbe 

organic phase was washed with 50 ml 5% aqueous NaCH (3 times), dried over IlgS04 and evaporated in 

vacua. 'lbe residue was chranatographed (PE/ethyl acetate 3:l) and yielded 2.5 g of 49 (93%), m.p. 
176°C. [a]; = +180 (c = 2, dioxane). 

1 
H-NMR (80 MHz, CK13): 3.5 (s, 3H, -CXY3) 4.45 (s, 2H, tm 

arc!+- O-X), 5.9 (s, lH, ar2qi-01, 6.9 - 7.2 (m, 8H, arom. H). 

1490, 1360, 1170 an-'. 

TR (CHC13): 3020, 2960, 1750 (03), 

K5: m/z (%I = 294 (9, M+), 279 (5). 250 (15, (M-02)+), 191 (loo), 149 

(31). Fbund: C, 73.48%; H, 4.82%. C18H1404 requires C, 73.46%: H, 4.79%. 

~5S,10R,llR~-l2-0xo-l0,ll~ihydro-5H-5,lO-oxaethan~ibenzo [ a,d 1 cycloheptene-ll-carboxylic acid 

(50). 

lb a hot solution (50°C) of 86 ng (0.29 nrnol) 49 in 5 ml methanol were aMed 2 ml 20% quecus 

KCH. After stirring 1 h at roan temperature the solution was concentrated in vacua, diluted with 

20 ml water and washed with CH2C12 (10 ml, 3 times) followed by acidification (HCl) and extraction 

with ether (20 ml, 3 times). Work-up and chromatography (PE/acetone 3:1, 1% acetic acid) yielded 

70 q of 50 (85%), m.p. 212 - 213°C (PE/acetone). 
1 

H-NMR (80 bf+z, acetoned6): 4.5 (AB-system, 2H, 

two ar(JW?ZO), 6.25 (s, lH, c~~(TJ-01, 7.2 - 7.6 (m, 8H, aran. H). IR (KEr): 3600 - 2700 (OH), 1700 - 

(Cp), 1480, 1360, 1220 an-‘. FLS: m/z (%I = 280 (16, M+), 236 (24, WCD2)+), 191 (loo), 178 (lo), 

165 (12). 

Reaction of 49 with NaEi, to 51 and 53. 

To a solution of 400 mg (1.36 renal) 49 in 30 ml methanol were added 362 ng (9.5 mnol) NaBH4 

in small portions. After stirring 30 min. at room temperature 5 ml 10% aqueous HCl were added, the 

solvent was evaporated in vacua and the suspension of the residue in 50 ml water was extracted 

with ether I50 ml, 2 times). Chrcmatcqraphic separation (PE/ethyl acetate 6:l) yielded 174 mg of 

51 (48%) and 112 q of 53 (33%). 

51: ~5S,lOR,1lS~-~12-~o-l0,ll~hydro-5H-5,1O-oxaethano-dibenzo[a,d]cyclohepten-ll-yl~-methanol. 

M.p. 181°C (ether). 'H-W (80 Wiz, CDC131: 2.5 (t, lH, CH), 3.2 - 3.5 (m, lH, ar+-cH20Hl, 3.5 - 

4.3 (m, 2H, -CH2CH1, 4.4 (d, lH, arCHCTZ0J. 5.95 (s, lH, ar2ClJ-O), 7.1 - 7.4 (m, 8H, arcm. H). IR 

(CliC13): 3600 - 3400 (OH), 3020, 1750 (03). 1490, 1470, 1450, 1370 an-‘. MS: m/z (9s) = 266 (0.5, 
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M+,, 248 (0.5, (KH20)+), 236 (30), 191 (1001, 178 (9). 

53: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

M.p. 133°C (ether). 'H-NMR (400 bfiz, CK13): 3.75 (m, 2H, two arCH-1, 3.9 - 4.35 (m, 2H, -ocH2-1, - 
5.55 (m, lH, -00lO-1, 5.6 (s, lH, ar2Cg-0). 7.05 - 7.4 (m, 8H, aran. Hl. 13GNMR (400 mz, CDC13): 

46.5 (~I-CHUI~O), 47.4 (ar_ol-CHO), 76.5 (arC20), 79.7 (ar2g-O), 101 (901, aran. C: 123.1, 

126.6, 127, 127.2, 127.5, 128.4, 128.7, 130.4, 131.8, 137.9, 140.0, 142.5. TR (CliC13): 3000, 2960 

- 2880, 1490, 1220 cm-'. FS: m/z (%) = 250 (5, M+), 220 (5, (M-a120)+), 204 (91, 191 (loo), 178 

(8). 

Determination of the stereochemistry at C(11) of 51. 
‘The stereochemistry of 51 was determined by chemical correlation in two ways: 

1 ) ‘The reduction of 51 and 81 with LiAlH4 in ether (cf. 59) gave identical p-cducts (91% from 51, 

85% from 811, kich differed from 59, viz: (5S,l0R,llS)-(l0,ll-Dihydrc+5H-5,1O-oxaethano-dikenzo 

bbdkyclohepten-1 l-y1 )-methanol. 'H-Nm (400 Hz, CIK13): 1.9 broad s, lH, -ail, 3.45 cm, 2H, two 

arCIi-1, 3.7 and 4.6 (m, each lH, - -cH20-1, 3.95 - 4.15 (m, 2H, -E2Ui), 5.45 (s, 1H. ar2CIJ-0). 7.05 

- 7.25 (m, BH, arcxn. H). MS: m/z (%l = 252 (4, M+), 234 (4, (M-H20)+), 191 (1001, 165 (7). 2) 

Treatment of 51 with Jones reagent in acetone (cf. 12) and subsequent mthylation of the resulting 

cis-acid (61%) with ethereal diazcmethane gave the cis-ester 81. 

Methyl ~5S,lOR,llR~-l2-thioxo-lO,ll~hydro-5H-5,lO-thiaethan~benzo~,dlcycloheptene-ll-carboxy- 

late (52). 

107 ng (0.36 mnol) 49 and 350 rq P4S,o in 8 ml xylene were refluxed for 4 h. 'Ihe solvent was 

evaporated in vacua and the residue taken up with 50 ml 5% queous HCl. Extraction with CHCI 
l3 

(40 

ml, 3 times), wrk-up and chrcnnatqrarhy (PE/ethyl acetate lo:11 yielded 63 mg of 52 (53%). H-NWf 

(80 mz, CK131: 3.6 (s, 3H, -KH3), 4.65 (d, lH, arQl-CSS), 5.05 (s, lH, ar2E-Sl, 5.25 (d, lH, - 
aratW1, 6.9 - 7.4 (m, 8H, arcm. Hl- IR (CHC13): 3000, 1735 (031, 1490, 1430, 1270 (CS) cm-'. MS: 

m/z (%l = 326 (24, M+l, 294 (2), 250 (21, WCS2)+), 218 (8), 191 (100). UV (cH3cN): ~~~~ (~1 = 

484 run (23). 

54 and 70 by oxidation of 59. 

'lb a solution of 1.94 g (7.7 mnol) 59 in 80 ml acetone were added dropwise 10 ml Jones reagent 

(8~). After stirring 30 min. at roan temperature ethanol was added and the solvent was evaporated 

in vacua. 'Ihe residue was suspended in 100 ml 5% aqueous HCl followed w extraction with ether (60 

ml, 3 times). Work-up and chromatography (PE/ethyl acetate 4:1, 1% acetic acid) yielded 1.15 9 of 

54 (57%) and 726 nq of 70 (39%). 

54: ~5R,l0R,llR~-l0,ll-~hyQ~5H-5,lO-oxaethano-dibenzo[a,d]~l~~tene-ll~arboxylic acid. 

M.p. 227 - 228°C benzene). -1 IR (KEwl: 3500 - 2700 (OH), 1730 (CD), 1500, 1380, 1240, 1000 cm . 
MS: m/z (X1 = 266 (11, kl, 236 (51, 220 (14), 191 (1001, 178 (151. 

70: ~5R,lOR~-l0,ll-cfihydro-5H-5,1O-oxaethan~benzo[a,d]~lohepten-ll-one. 

M.p. 78°C (ether). 'H-NW (80 Wz, ClX131: 4.0 - 4.5 (m, 3H, arCH-CH2), 5.7 (s, -- lH, ar2CIJ-01, 7.0 

- 7.6 (m, M, awn. Hl, 8.0 - 8.2 (m, lH, arcm. H). IR (CIiC131: 3000, 2960 - 2880, 1680 (CO), 

1600, 1290 cm -'. MS: m/z (%) = 236 (74, M+l, 208 (100, (M-Co)+), 178 (801, 165 (611, 152 (351. W 

(ai3CHl:)r (01 = 370 (701, 322 (250), 291 (1570), 222 nm (20900). 

Methyl ~5R~~R,11R~-lO,ll-~hydro-5H-5,1O-oxaethano~benzo~a,d~~~~e~~e-ll-cartoxylate (55). 

96 q (0.36 new11 54 were esterified with ethereal diazcmethane solution (cf. (-J-91. 

Chromatography (PE/ethyl acetate 1O:l) gives 96 ng of 55 (95%) as a colourless oil. 1 H-NMR (80 

!4iz, CLX13): 3.5 (s, 3H, -CCli,), 3.65 - 3.85 (m, 1H. aro1-), 3.95 - 4.2 (m, lH, arCI+-Coo), 4.25 - - 
4.4 (m, 2H, -alp&), 5.45 (s, lH, ar2EO), 

- 2880, 1735, 1495, 1440, 1090 cm-‘. 

7.05 - 7.35 (m, 8H, arom. Hl. TR (cTiC13): 3000, 2950 

kS9: m/z (%I = 280 (10, M+), 250 (S), 221 (301, 191 (100). 

~5R,l0R,llR~-l0,ll-ctihydro-5H-5,lO-oxaethan~benzo~a,d]~l~e~e~-l l-carboxanide (56). 

A rmxture of 562 rq (2.11 nmol) 54 and 0.5 ml oxalyl chloride (5.7 mnol) was stirred for 12 h 

at roan temperature. After evaporation of the solvent in vacua the residue was dissolved in dio- 

xane. A dry Mi3-stream was passed through the solution for 30 min. at 0°C and 1 h at room tempra- 

ture. lhe solvent was evaporated in v- and the residue was suspended in 50 ml water, followed 
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by extraction with CIi2C12 (50 ml, 3 times). Work-up and chromatography (PE/acetone 2:1) yielded 

509 mg of 56 (91%). m.p. 171°C (benzene). 'H-NW (80 bfiz, D4SO-d6): 3.5 - 4.1 (m, 3H, arCSa 1 - -* @ 
4.2 (m, lH, arCH-atW2), 5.5 (s, lH, ar2%-0). 6.9 - 7.05 (broad s, 2H, -EH2), 7.1 - 7.3 (m, 8H, 

arcm. HI. IR (KElr): 3400, 3150, 1680 (CD), 1400, 1080 cm-'. W: m/z (%I = 265 (8, M+), 235 (2), 

221 (19), 191 (loo), 178 (ll), 165 (14). 

(5R,1OR,llR)-l0,l1-Dihydro-5H-5,1O-oxaethano-dibenzo [a,d]cycloheptene-ll-((lR)-l-phenylethyl)-car- 

boxamide (57). 

‘lb a suspension of 266 mg (1.0 rssol) 54 in 5 ml benzene (dry) were added 0.25 ml (2.85 tnnol) 
oxalyl chloride. After stirring 12 h at roan temperature the solvent was evaporated in vacua and 

the residue dissolved in 3 ml chloroform. 363 4 (3.0 tnnol) (+)-phenylethylamine and 0.5 ml tri- 

ethylamine were added and the solution was refluxed for 2 h. The reaction mixture was poured onto 

ice, acidified with HCl and extracted with chloroform (40 ml, 3 times). Work-up and chromatography 

(PE/acetone 8:1) yielded 286 rq of 57 (77%), m-p. 156°C (PE/ethyl acetate). 'H-NMR (80 Mlz, CK13): 

1.25 (d, 3H, -CH3), 3.7 - 3.9 (m, lH, arCH-), 3.9 - 4.4 (m, 2H, -CH20-), 4.7 - 5.2 (m, 2H, arCH 

-CDNR and ar-CH-N), 5.45 (s, lH, ar2E-0), 6.5 - 7.4 (m, 13H, arcm H). IR (CHC13): 3420, 3000, 

1650, 1490, 1080 an-'. MS: m/z (%) = 369 (12, M+), 222 (5, (M-C6H5CHCH3NCO)+), 191 (loo), 165 (5), 

105 (25, CsH;). 

(5R,lOR,llR)-lO,l1-Dihydro-5H-5,lO-oXaeth~O-dibenZO[a,d] cycloheptene-11-((lR,2S)-2-msthylamino-l- 

+enylpropan-1-ol)-carboxamide (58). 

F'rcnn 180 ng (0.68 nrnol) 54 and 335 ng (-)-ephedrine was wepared the amide 58 as described 

for 57. Chromatography (PE/ethyl acetate 3:l ) yielded 188 mg of 58 (67X), m.p. 217'C (ethyl ace- 

tate/benzene). 'H-NMR (80 mz, rDC13): 1.2 (d, 3H, CHE3), 3.1 (s, 3H. NCH3), 3.7 (m, lH, CHN), 

3.9 - 4.6 (m, 3H, arCH-CH ), 4.95 (m, lH, arcHCONR), 5.4 - 5.5 (m, 2H, arcHoH and ar2+-0). 6.3 - -2 - 
(d, lH, CH), 7.05 - 7.5 (m, 13H, at-cm. H). IR (KBr): 3650 - 3100 (CH), 1640, 1450, 1400 cm-'. MS: 

m/z (%I = 413 (1, M+), 395 (1, (M-H20)+), 306 (79), 191 (100). 

~5S,1OR,llR~-~l0,11-Dihydro-5H-5,1O-oxaethano-dibenzo~a,d~cyclohepten-ll-yl~-methanol (59). 

To a suspension of 1.0 g LiAlH4 (25.7 mnol) in 60 ml ether ware added dropwise 3.92 g (13.33 

ml) 49 (dissolved in 40 ml 'ITiF) and this was refluxed for 2 h. 'Ihe usual wrk-up (cf. 16) and 

crystallization from ether yielded 3.023 g of alcohol 59 (90%), m-p. 173"C.- [a] D 25 = 98 (c = 2, 

dioxane). 'H-NMR (80 f4iz, ClXX3): 1.6 (s, lH, OH), 3.1 - 3.4 (m, 2H, two arc&), 3.5 - 3.9 (m, 2H, - 
e2CH), 4.1 - 4.4 (m, 2H, CH2-OR), 5.4 (s, lH, ar2C+O), 7.1 - 7.4 (m, 8H, aran. H). IR (CHC13): 

3600 (CH), 3450, 3000, 2960 - 2880, 1490, 1460, 1090 an-'. MS: m/z (%) = 252 (7, M+), 222 (16, 

(M-CH20)+), 204 (161, 191 (loo), 178 (10). Fbti: C, 80.79%: H, 6.28%. C17H1602 requires C, 80.93 

%: H, 6.39 %. 

~5R,10R,11R~-(l0,ll-DihyQ~5H-5,lO-oxaethano-dibenzo~a,d]cyclohepten-ll-yl~-methyl acetate (60). 

lb a solution of 104 rq (0.41 mnol) 59, 10 nq DMAP and 0.2 ml triethylamine in 2 ml dioxane 

were added 0.3 ml acetic anhydride. After stirring 30 rmn. at room temperature the solvent was 

evaporated in vacua and the residue chrcmatographed (PE/ethyl acetate 1O:l): 113 ng of 60 (93 %I, 

m.p. 120°C. 'H-NMR (80 Wz, CDC13): 2.15 (s, 3H, CXXIi3), 3.4 - 3.6 (m, 2H, two arCI!-), 4 - 4.5 (m, - 
4H, -cH20- and -CH2-OAc), 5.35 (s, lH, .x2CIJ-O), 7.1 - 7.3 (m, 8H, arcm. H). IR (CHC13): 3000, 

2960 - 2880, 1740 (Co), 1490, 1460, 1380, 1240 cm-'. MS: m/z (%I = 234 (7, (M -CH3cocH)+), 204 

(1001, 191 (871, 178 (10). 

~5S,lOR,l1R~-~lO,11-Dihydro-5H-5,1O-oxaethancl-dibenzo~a,d] cyclohepten-11-yl)-methyl methyl ether 

(61). 

'fb a vigorously stirred mixture of 150 ng (0.6 nrnol) 59, 20 ng tetra-n-butyl-ammonium brcmide. 

5 ml CH2C12 and 5 ml 50% aqueous Maui were added 0.5 ml dimethyl sulfate. After stirring 1 h at 

room temperature the emulsion was wrked up as described for 18. Chrcmatcgra~y (PE/ethyl acetate 

2O:l) yielded 124 atg of 61 (78%), m.p. 74 - 75°C (ether/pentane). 'H-NMR (80 mz/CK13): 2.8 - 3.1 

(m. 2H, two arE-1, 3.35 (s, 3H, -CCH3), 3.4 - 3.7 (m, al,-CKH2-1, 3.95 - 4.35 (m, 2H. -E20Ms), 

~~",,(s;~~~,~~~Q~-O), 7.1 - 7.35 (m, y, arcnn. H). TR (CHC13) : 3000, 2960 - 2880, 1490, 1460, 

. MS: m/z (%) = 266 (8, M ), 224 (71, 204 (101, 191 (loo), 178 (7). 
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11-Hemichthalate 68 of 67. 

From 71 ny (0.3 -1) 67 and 49 rq (0.33 mnol) wthalic anhydride was wepared 68 as described 

for 66. Chrcxnatcgra~y (PE/acetone 4:1, 1% acetic acid) gives 100 mg of 68 (87X), m.p. 108 - 

110°C. 'H-NMR (80 mz, acetoneA6): 3.1 - 3.2 (m, lH, arz-), 3.7 - 4.7 (m, 2H, -CH20-), 5.6 (s, 

lH, ar2E-0). 6.45 (m, lH, araCCOR), 7.2 - 8.0 (m, 12H, arom. HI, 9.35 (s, ?~oad, lH, OXi). IR - 
(KEr): 3600 - 2300, 1700, 1400, 1260, 1060 an-'. MS: m/z (%I = 238 (36), 220 (401, 207 (191, 191 

(97), 149 (611, 104 (100). W (cH~CN): A (e) = 272 rum (1880). 

~5S,lOR~-lO,ll-Dihydro-5H-5,l0-oxaeth~~benzo[a.dlcycloheptene (69). 

A mixture of 240 mg (1.02 mnol) 70, 100 q (3.13 mnol) hydrasine and 250 rq KCH in 4 ml 

triethyleneglycol was first stirred 15 min. at 140T and then 2 h at 2OO'C. The cooled reaction 

mixture was p3ured into 100 ml water, which was twice extracted with 50 ml ether. Work-up and 

chranatography (PE/ ethyl acetate 2O:l) gives 181 rq of 69 (80%), m.p. 85°C (ether). 'H-Nm (80 

t4iz, ClX13): 3.2 - 3.5 (m, 3H, arcH-CH2), 3.9 - 4.35 (m, M, -CH20-), 5.5 (s, -- 
7.4 (m, 8H, arcnn. HI. 

l?, ar2ql-01, 7.1 - 

IR (CiC13): 3000, 2960 - 2880, 1500, 1450, 1090, 1010 an . W: m/z (%I = 

222 (30, k,, 192 (loo), 176 (3), 165 (13). 

Fran 808 nq (3.21 mnol) 59 and 650 rq (3.40 mnol) p-toluenesulfonyl chloride was pepared the 

tosylate (cf. 23). 'Ihe crude tosylate and 300 mg KOH were added to 6 ml triethyleneglycol and the - 
mixture was heated slowly (1 h) to 2OO'C. The cooled solution was pured into 150 ml water and 

extracted with ether (3 times). Work-up and chromatography (PE/ethyl acetate 9:l) gave 630 nq of 

71 (84%). m.p. 126 - 127°C (pentane/ether). 'H-NMR (80 Hz, CZC13): 3.9 - 4.4 (m, 3H, -cH20- and 

arCli-), 5.25 (s, lH, ar2qi-O), 5.55 (d, 2H, =CH2), 7.1 - 7.4 (m, 7H, aran. HI, 7.6 - 7.8 (m, lH, 

arom. HI. IR (CHC13): 3000, 2960 - 2860, 1620, 1490, 1080 an-'. MS: m/z (%) = 234 (5, M+), 204 

(100, (tempo)+), 178 (71, 165 (3). UV (CIi3cN): Amax (~1 = 298 (560), 260 IXII (9460). 

E$oxidation of 71 to 72 and 73. 

'lb a cooled (0°C) solution of 250 q (1.07 mnol) 71 in 8 ml CH2C12 260 nq (1.28 mnol) m-chlc- 

roperbenzoic acid (85%) was given. After 7 h stirring at roan temperatuke 30 ml Cl12C12 were added. 

Work-up and chrcmatagramy (PE/benzene/ethyl setate 100:7:2) gave 95 q of plre 72 (36X)as a 

colourless oil and 124 mg of a mixture containing 73 (35%) and 70 (12%) as determined from a 
1 H-NMR-spectrum. Fractional crystallization from ether (3 times) yielded we 73. 

72: ~5R,lOR,llR~-5,1O-Dihydro-spiro[5,lO-oxaethano-dibenzo[a,dJ~loheptene-ll,2'~xirane]. 

‘H-NMR (400 t#lz, cDc13): 2.9 (m, lH, ar=-1, 3.2 (&system, 2H, -CH20-, epoxide), 4.0 and 4.5 

(2m, each lH, -Cli20-), 5.6 (s, 1H, ar2E-O), 

1490, 1460 an-'. 

7.0 - 7.35 (m, EEI, aran. H). IR (cHC13): 3080 - 2880, 

MS: m/z (X) = 250 (15, M+), 220 (80), 191 (97), 190 (931, 189 (loo), 178 (24). 

73: ~5R,l0R,llS~-5,l0-Dihydra-spiro[5,lO~xaethan~ibenzo~a,d]c~l~e~~~ll,2'-oxirane]. 

M.p. 138°C (ether). 
1 H-NMR (400 Liz, CEC13): 2.7 (m, lH, arCI&), 2.95 (AEsystem, 2H, -CI120-, 

epoxide), 4 and 4.55 (m, each lH, -cH20-), 5.34 (s, lH, ar2E-O), 6.9 - 7.4 (m, 8H, arom. H). TR 

(CX13): 3080 - 2900, 1490, 1460 an-'. MS: m/z (%) = 250 (49, M+), 220 (1001, 191 (881, 190 (84), 

189 (811, 178 (22). 

(5R,lOR,llR)-l,ll-Bishydroxymethyl-lO,ll-dihy~~5H-5,lO-oxaethano-dibenzo~a,d]~cloheptene (74). 

'RI a suspension of 50 ng (1.28 IN&) tiAlH4 in 10 ml ether were added 92 rrg (0.33 mnol) 76 

dissolved in 2 ml 'IHF. After refluxing for 1 h work-up as for 16 and chromatography (PE/ethyl 

acetate 4:1 ) yielded 86 rng of 74 (92%), m.p. 91 - 93'C (pentane/ether). 'H-NMR (CDU3): 2.2 (broad 
s, W, tm CH), 2.9 - 3.5 (m, 2H, at-Cl&mar), 3.45 - 4.2 (m, 4H, -CH20R and -C_2OH), 4.6 (m, 2H, -- 
arCli2~), 5.35 (s, lH, ar2a_-O), 7.0 - 7.4 (m, M, arom. HI. II? (cHc13): 3600, 3550 - 3120, 3000, 

2%0 - 2870, 1490, 1460, 1080 an-'. MS: m/z (%) = 264 (10, (M-H20)+), 234 (251, 221 (62), 204 

(1001, 178 (22). 165 (9). 

(7R,l2R,12aR)-3,7,12,12a-~trahydro-lH-7,12-oxaethan~benzo c5.61 cyclohepta [1,2,3--delisochrcmene 

(75). 

~b a solution of 910 nq (3.61 mnol) 73 in 3 ml 1,2_dichloroethane and 3 ml chlorcmethyl 

methyl ether were added 500 ng (3.67 nm~A) 7nC12 (dry). After stirring 10 min. at roan temperature 

50 ml 5% aqueous HCl were added, followed by extraction with CH2C12 (50 ml, 3 times). Work-up and 
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chraatcqra@y (PE/acetone 1O:l) yielded 906 rq of 75 (95%), m.p. 133°C (ether). 'H-NW (80 EHz, 

CXl3): 3.0 - 3.35 (m, M, a.rCl+@r), 3.4 - 4.5 (m, 4H. -cH20- and -CH2-0-CH2-a'), 4.7 (m, ZH, 

ar-CH20-), 5.5 Ls, lH, ar2+-0). 6.8 - 7.25 (m, JH, aran. H). IR (CHC13): 3010, 2970, 2880, 1490, 

1160, 990 cm -'. W: m/z (%I = 264 (25, M+), 234 (141, 204 (341, 178 (5). 

~7R,12R,12aR~-1,7,12,12a-~trahyctr~7,12~xaeth-benzo~5,6~cyc1ohepta~1,2.3~1 iscchromen-)-one 

(76). 

?b a cooled solution (O°C) of 370 ng (1.40 nw01) 75 in 30 ml acetone were aMed in small 

portions 4 ml Jones reagent (EN) and the rmxture was stlrred for 30 min.: after adding some ml 

ethanol the solvent was evaporated in vacua and the residue suspended in 50 ml water. EXtractlon 

with ether (50 ml, 2 times) and general work-up followed by chromatography (PE/ethyl acetate 6:l) 

gave 351 mg of 76 (go%), m.p. 183°C (ether). 'H-NMR (80 bfb, CKl3): 3.1 - 3.7 (m, 2H, arCH-Cliar), -- 
3.9 - 4.2 (m, 2H, -cH20-1, 4.3 - 4.6 (m, 2H, -~2-KO), 5.6 (s, lH, ar2qi-O), 6.9 - 7.5 (m, 6H, 

arom. H), 7.9 (m, lH, aran. H). IR (ClK13): 3010, 2960 - 2880, 1730, 1600, 1470, 1400, 1280, 1240 

cm -'. MS: m/z (%I = 278 (37, M+), 248 (1001, 218 (301, 190 (44). 

~7R,l2R,l2aR~-1,7,l2,12a-~~ahydro-7,12-oxaethan~benzo[5,6]cyclohepta[l,2,3-de]thioisochromene- 

3-thione (771. 

A mixture of 111 mg (0.4 mnol) 76 and 230 q (0.52 ~1) P4Slo in 8 ml xylene was refluxed 

for 3 h. 'lbe solvent was evaporated in vacua and the residue suspended in 25 ml 5% aqueous HCl, 

followed ty extraction with ClK13 (30 ml, 3 times). Work-up and chromatography (PE/ethyl acetate 

8:l) gave 75 mg of 77 as a yellow Foduct (61%), m.p. 248°C (PE/ethyl acetate). 'H-N?4R (CLX13): 

2.95 - 3.35 (m, 2H, at-a-CHar), 3.5 - 3.8 (m, 2H, -Cl120-), 3.85 - 4.8 (m, 2H, -cH2S-), 5.25 (s, -- 
lH, ar2E-O), 7.0 - 7.5 (m, 6H, arcm. H), 8.2 (m, lH, arom. H). IR (cHC13): 3000, 2940, 1470, 

1290, 1190, 1180 cm-'. MS: m/z (%) = 310 (69, M+), 277 (91, 263 (loo), 234 (14), 202 (28). W 

(CH3CN): A max (~1 = 423 (220), 315 nm (14480). Found: S, 20.99 X. C18H,40S; requires S, 20.65 %. 

(l'R)-2-(l'-Iscchrananyl)-benzoic acid (78). 

'Ib a vigorously stirred solution of 360 mg (1.53 ml) 70 in 12 ml dimethyl sulfoxide (0.01 

ml-% water) were added in small portions 3.6 g (29.5 rm~l) potassium tert.-hutylate. After 15 

min. the reaction rmxture was poured into 150 ml water, sidified with HCl and extracted 2 times 

with 70 ml ether. 'Ihe organic &ase was evaporated in vacua and the residue was taken up in 50 ml 

10% qtleous KCH. After washing with 40 ml ethyl acetate (2 times) the water @ase was acidified 

(HCl) and extracted with 50 ml ether. General work-up and chromatography (PE/ acetone 4:1, 1% 

acetic acid) gave 302 q of 78 (78%), m.p. 145°C (PE/acetone). 'H-NMR (80 FHz, ClX131: 2.7 - 3.5 

(m, 2H, arCH2-), 3.9 - 4.4 (m, 2H, -KHz-), 6.7 (s, lH, ar2E-O), 7.1 - 7.6 (m, JH, arcm. H), 8.05 

(m, lH, arom. H), 10.9 (broad s, 1 H, UXH). IR KHC13): 3600 - 2400 (OH), 1690, 1600, 1580 cm-'. 

MS: m/z (%I = 254 (31, M+), 236 (100, (M-H20)+, 207 (SO), 178 (44), 133 (79). 105 (39). W (cH3CN): 

A max (E) = 272 ~1 (1730). 

(l'R)-2-(l'-Isochrcmanyl)-benzyl alcohol (79). 

lb a suspension of 100 nq (2.5 mnol) tiAlH4 in 20 ml ether was added dropwise a solution of 

288 mg (1.19 mnol) 78 in 5 ml ether and the mixture was refluxed for 1 h. 'Ihe usual mrk-up (cf. - 
16) and chromatography (PE/ethyl acetate 1O:l) yielded 269 q of 79 (94 %) as a colourless oil. 

'H-NW? (80 FHz, CCC13): 2.7 - 3.4 (m, 3H. arCW2- and OH), 3.8 - 4.4 (m, 2H, -CH20-), 4.5 (m, 2H, 

ar;2-CH), 6.0 (s, lH, ar2z-O), 

2930 - 2850, 1085, 1000 cm-'. 

6.7 - 7.5 (m, EH, arm. H). IR (aiC13): 3600 - 3300 (CH), 3000, 

MS: m/z (%I = 240 (3, M+), 221 (loo), 194 (281, 178 (251, 165 (21). 
cis-DBCKlO,ll-dlcartzoxylic acid anhydride (80). 

A mixture of 1.584 g (5.62 ml) 8, 15 ml acetic anhydride, and 3 ml. acetyl chloride was 

refluxed for 1 h. 'Ihe solution was cooled to 0°C and the weciprtated crystals were filtered off 

and washed with cold ether. Concentration of the mother liauor in vacua gave a second crop. 'Ibtal 

yield was 1.26 g of 80 (85%). m.p. 263 - 264°C. ' H-NM? (80 Hz, tMi046): 3.7 - 3.8 (A&system, 

2H, a--cH2-ar), 5.1 (s, 2H, two arcWax)), 7.15 - 7.45 (m, EH, arcm. HI. IR (KBr): 2900, 2840, - 
1850 and 1780 cm-' (anhydride). MS: m/z (%I = 264 (23, M+), 236 (110, (M-CO)+), 192 (1001, 165 

(14). 
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Methyl 12-oxo-l0,ll~ihydro-5~5r,7O-oxaethan~~oEa,d3cycloheptene-1lc-carboxyfate (Sll. 

From 306 mj (0.99 ~1) 3 and 196 q (1.1 rmol) Kbromosuccinimide in 15 ml "24 was wepared 

81 as described for 49. Crystallization Fran ether yielded 262 tq of 81 (90%), m.p. 119°C (ether). 

‘H-NMR (80 MJz, CXl.$: 3.75 (s, 3H, -0QI31, 4.25 CAB-system, 2H, two arCI+-f, 5.95 fs, tw, ar2ql - 
-0)‘ 7.15 - 7.45 (m, 8X, arcm. HI. IR fCHC1B) 3020, 1760 (factone>, 1490, 1440, 1290 an-l. MS: ml2 

(%) = 294 16, M?. 250 (16, ~M-~2)'), 191 (1001, 178 (71, 165 (81. 81 can also be obtained (80 - 

90%) from the methyl cis-?O-carboxy-~ll~~~~late bv the same rrocedure. The cis-rkxxxaethyl 

ester was prepared as follows. lb a mixture of 4 g (15.15 mnol) 80, 20 mg DMAp, and 1 ml MecH in 

10 ml ciioxane were aWed 2 ml triethyfamine. After stirring 10 min. at roan temperature the solvent 

was evaporated in vacua and the residue dissolved in fOO ml ether. Washing with 5% aqu~us HCl (2 

times) and work-up yielded 4.6 g of the cis-monmthylester f98%f, m.p. 232 - 233*C (PE/acetonef. 

lH--MIIR (80 MHz, DMSOa6f: 3.6 Ls, 3H, -CU$), 4.1 (AB-qstem, W, ar-CM2-arl, 4.8 (s, 2H, two 

ar*cQO1, 7.0 - 7.3 cm, 8H, aran. HI. IR (KBr): 3500 - 2300 ((xt), 1750 (CD), 1710, 1500, 1350. 

KS: m/z 1%) = 296 (3, M+t, 250 (26, ~S-HCWXlI*~, 191 (100, dibenzotropylium cation), 165 (121. 

Reatment of the cis-~n~thy~~ter with ethereal diazunethane yielded 3 in quantitative yield 

(by this method it was possible to get 3 in Larger scale for the enzymatic experiments>. 
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