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Abstn&--A l?riedel-&& condensation of l,?-~~ox~aph~~e with the anhydride IV gave a 
mixture of products from which, after ester&&on, the ketoestem IX and X could be isolated in 
16 and 4.25 % yield, respectively. These were hydrogenolysed with Pd-C to the desoxyesten XI and 
XII. Cyclodehydration of the latter with an a&o-hydrochloric acid mixture furnished the desired 
estrahexaene III. Reaction of the lithio derivative of 2-methoxynaphthalene with the dimethyl ester 
Vc yielded the hydroxyester XVb which was dehydrated to the unsaturated compound XVIII. 
Assi-nt of structures to the isomers IX and X by means of mass spectrometry is discussed. 

REACTION of the 7-carbon &methyltricarbahyIic acid anhydride (I) with 1,7dimethoxy- 
naphthalene was reported to render the tricyclic intermediate II, which was then 
converted1 into the estrahexaene derivative III, utilizing the methyl acrylate reaction 
developed by Wilds and collaborators .s The latter Michael-type reaction serves, 
in effect, to introduce the carbon atoms 15 and 16 stilI missing in II. 

We have now devised another method of synthesis of HI by attaching a g-carbon 
fragment comprising atoms 11, 12, 13, 14, 15, 16, 17, I8 and 20 of rings C and D to 
1,7dimethoxynaphthalene (Chart I). This fragment contains all the carbon atoms 
present in the anhydride I, plus the two carbon atoms derived from the acrylate 
reaction. The compound in question is 2-me~yl-2(~~x~e~y~)-3ox~cl~ 
pentanecarboxyhc acid anhydride (IV). A synthesis of the diethyl ester Vb, corre- 
sponding to this anhydride, has been describedS and involves condensation of ethyl 
acetoacetate with ethyl cyanoacetate, addition of hydrocyanic acid and cyanoethylation 
of the resulting dicyanoester VI (an intermediate in the synthesis of &methyltri- 
carballylic acid4). Hydrolysis and esterifkation furnished the tetramethyl ester VII 

which, on Die&mann cyclization, yielded the @-ketoester VIII. Hy~olys~ of WI, 
decarboxyiation and esterification furnished the ester Vb. Presently we have isolated 
the free acid Va and dehydrated it with acetic anhydride to the anhydride IV. 

l Please forward requests for reprh~ts to: M. &mik, Ikapharm Research wt, P.O. 
Box 31, Ramat Gan, Israel. 

1 M. Ham& and E. V. Jensen, LwaelL Cbem. 3,173 (1965). 
l 0. R Rod&, N. A. Nelson, E. M. Gross, M. Hamik, and A. L. W&is, Abstracts, 131st Meetbg 

of the Amer. Gem. Sot. p. 32-o April (1957). 
* G. Stork, U.S. Patents 2,793,233 (Chem. Abstr. 52, 441 (1958)) and 2,843,603 (Chem. A&tr. a, 

3180 (1959)). 
’ M. Ham&, IsraelJ. Gem. 3, 1 (1965). 
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A Friedel-Crafts condensation of the anhydride IV with 1,7dimethoxynaphthalene 
was expected to occur predominantly in position 4, in conformity with our previous 
Sndingl that acylations of 1,7dimethoxynaphthalene occur preferentially in that 
position. It was also hoped that in this reaction the unsymmetrical anhydride IV 
would open in such a sense as to furnish the less crowded compound X, rather than 
the isomeric product IX’ (Chart II). In reality, however, the Friedel-Crafts reaction 
gave in 62% yield an acidic mixture from which it was possible to obtain, after 
ester&&ion and a tedious isolation procedure, a 4.25% yield of the expected ester 
X, of m.p. 166-168”, and a 16% yield of the isomer IX, m.p. 92-95’, both having 
the expected W spectra. In addition, there could be isolated in 1.8% yield a third 
isomeric compound, m.p. 185-1870, of unknown structure. Although it can be 
reasonably expected that an improved isolation technique might increase the yield 
of X, the ratio of the two isomers IX and X is unexplicably unfavourable. The 
assignment of structures to these two products was made on the basis of their mass 
spectra (uide infu) and was subsequently confirmed by further chemical conversions. 

In one Friedel-Crafts condensation of the anhydride IV with benzene a broad- 
melting mixture was obtained which analysed for the ketoacids 2-methyl-2-(benzoyl- 
methyl) 3-oxo-cyclopentanecarboxylic acid and 2-methyl-2(carboxymethyl)-3-benzoyl 
cyclopentanone. After esterification, a product m.p. 80-84” was obtained, whose mass 
spectrum showed it to be a mixture. 
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CHART II 

IV 
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Hydrogenolysis of the ketoester IX in the presence of Pd and perchloric acid 
proceeded somewhat sluggishly, possibly due to the hindered nature of the carbonyl 
group. During the relatively long reaction time considerable reduction of the naph- 
thalenic moiety took place, as evidenced by changes in the UV spectrum. The 
desoxyester XI, isolated in 6% yield, was subjected to several cyclodehydration 
reagents (hydrogen fluoride, hydrochlorioacetic acid, polyphosphoric acid), but no 
evidence for cyclization could be obtained. 

In the desired series hydrogenolysis of the ester X afforded the desoxyester XII 
in 66% yield. The related compound XX has been previously obtained6 through a 
sequence of reactions identical with that depicted in Chart I, except that in the first 
step ethyl acetoacetate was replaced by the ketone XIIIa. Also Bauerjee et al.’ 
independently followed a similar approach starting with the methoxy derivative XIIIb. 
Cyclization of the ester XII with an acetic-hydrochloric acid mixtures afforded the 
desired compound III, identical in all respects with an authentical sample.’ 

It is tentatively assumed that the carbomethoxy group in the isomer X still 
retains the “a” con@uration derived from the anhydride IV and that inversion of 

8 R A. Barnes and R. Miller, J. Am. Ckm. Sbc. 44960 (1960). 
a D. K. Banexjee, H. N. Khastgir, J. Dutta, E. J. Jacob, W. S. Johnson, C. P. Allen, B. K. 

Bhattahqya, J. C. Collins, Jr., A. L McChkey, W. T. Tsatsos, W. A. Vrcdenburgh, and K. L. 
Williamson, Tefrahedron Letters 76 (I%& 
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eonfiguration to the mare stable 17@isomer III occurs during the acid-catalysed 
cyclization reaction. However, partial isomerization during the FriedeMkfts 
reaction cannot be excluded; in fact, this may be a reason for the low yield of X 
obtained. 

CHART III 

R COOMe 

XlVR-H; R’ = mGHv XV&R==H; R’ = COU---i-CaH~ 

Vc, R - CooMe: R’ = CH&UUMe b, R - COOMe; W = CH~cooMo 

XVI XVIK XIX 

Finally, we wish to mention briefly a synthetic application of the ~&ted dimethy 
ester Vc of 2-m~y~-2~bo~yme~y~*~oxocyctop acid (Chart III). 
Some year8 ago Newman et al. condensed the 64ithio derivative of Zmethoxynapha 
thalene with 2-methyl-2-carboisopropoxycyclopentanone (XIV) and obtiued’ the 
hydroxyester XVa which was further trausformed into 17desoxyequileni.n. In a 
related reaction, Buchta and Zienets reaeted ~-napb~y~~~i~ bromide with the 
ketoesters XVI (R = H and Me) and isolated the corresponding la&ones XVII. We 
have now condensed Newman’s lithinm compound with the dimethyl ester Vc and 
obtained the hydroxyester XVb. Dehydration with p-toluenesulfonic acid furnished 
the unsatmated ester XVIII. Although this aspect of our work was not pursued any 
further, the transformation of XVIII into the known6 ester XlX should be relatively 
facile employing published7 methods for the necessary ring closure. 

Since the compounds IX, X, XI and XII could not be identified on the basis of 
their NMR spectra, attention was turned to their mass spectra (Chart IV). The 
most abundant molecular ions in all fou spectra were the base peaks (m/e 384 for 
IX and X, and m/e 370 for XI and XII), followed, in the case of IX and X, by ions 
nrfe 215, formed by cleavage ct to the cztrbonyt (Chart v). These may in turn lose CO 
(hading to m/e 187) and subzsequentiy MC or Me0 radicals, giving rise to the peaks 

v 0. EgIinton, J. C. News.&, k 1. Scott, and M. S. Newman, J. Am. Chem. Sot. 78p31 (1956). 
l E. Buchta and H. Ziener, LielrJp Ann. 601,155 (19561. 
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in the 130-200 mu range, all of which seem to contain the basic naphthalenic system. 
Thus the spectra of IX and X are almost identical up to and including m/e 215. In the 
upper mass region, however, the presence of a --CH&OOMe group in IX is indicated 
by the ions m/e 311 (M-73) formed by simple cleavage, and m/e 310 (M-74), arising by 
a McLafferty rearrangement involving the ester carbonyl group. These two ions are 
absent in the spectrum of X. Also the absence of fragment peaks arising from a 
similar rearrangement involving the aroyl carbonyl group corroborates the structure 
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IX, where cleavage of a bond p to this carbonyl does not lead to the rupture of the 
molecule. In contrast, the spectrum of X shows a very prominent peak at m/e 230, 
ascribed to ion a arising by this very rearrangement. Ion a may lose one Me0 group 
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to give ion m/e 199, which, like its precursor a, is completely absent in the spectrum 
of IX. Furthermore, a McLafferty rearrangement involving the ester carbonyl of X 
would not cause fragmentation, but give the ion b, easily cleaved a to the carbonyl to 
yield ion c at m/e 283, which is again absent from the spectrum of IX. 

The mass spectrum of the third Friedel-Crafts product (m.p. 185-187”) of the 
same mol wt (384) is remarkably similar to that of IX in the range above m/e 215 
indicating an identical (or at most epimeric) structure for its aliphatic moiety. But 
in the range below m/e 215 there are marked differences from the spectra of IX and X. 
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This may mean that acylation of 1,7dimethoxynaphthalene occured here at a 
position other than 4. 

The mass spectra of the pair of isomeric desoxyesters XI and XII con&m the 
structure assignments for the parent ketones. In both benzylic cleavage is responsible 
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for one of the major peaks at m/e 201. In XI this is accompanied by m/e 227 which 
must be formulated as d’ or d” (Chart VI). The former can arise much more readily 
from structure XI than from XII. Again, as in IX, the pair of peaks at m/e 297 
(M-+-73) and m/e 296 (M+-74) indicate the grouping-CH,COOMe. In the spectrum 
of XII these two ions are completely absent. Here ion m/e 201 is accompanied by 
m/e 214, formulated as e’ or e”, which can arise by a McLaEerty process involving 
the 5-membered ring carbonyl, the positive charge being retained in the naphthalenic 
system. The second fragment can also retain the charge on ionf(m/e 156). 

The mass spectrum of the Friedel-Crafts condensation product of the anhydride 
IV with benzene, ester&d with diazomethane, contains peaks for ions formd by 
fragmentation processes analogous to those of IX and X (m/e 105 from C,W,CO+; 
m/e 201 and 200 from the analogue of IX; m/e 173 analogous to ion c, and m/e 120 
analogous to ion a, the last two arising only from the structure analogous to X), 
contirming our suspicion that the material m.p, 80-84” is a mixture of esters. 

EXPERIMENTAL 
2-Mettry-2~~r~x~thyl) 3-oxocycfopentanecarboxyiic acki (va). A Die&mum condensation* 

of 202 g of VII, b.p. 18%191*/2 mm, and ~boxyla~on of the rest&kg VIII was followed by 
distillation of HCl in IMCUO. The dark solid cake was washed with cold cone HCl and then with cold 
ether to afford 69 g of the acid Va, m.p. 173-177”. Concentration of the com~med waabings gave 
additional 12 g, m.p. 170-175”. The analytical sample (from ether) melted at 176-178”. (Found: 
C, 53.83; H, 6.00. C&c. for C&O,: C, 53.99; H, 6.04x.) 

2-Met~l-~car~~thy~~ 3-oxocyclopWskwarboxyfic acid unhy&ie (IV). The wn&tions 
for the preparation were rather critical. The acid Va (27 g) was added in one portion to 270 ml of 
boiling Ac,O. ReBux was maintained for 2 min, wh~~pon the flask was cooled with tap-water, 
Diition at 55” (bath temp) and 2 mm press for 3 hr with magnetic stirring gave a thick syrup 
which was treated with 30 ml bezuene. Swirling for 5 min started cyrstallization which was completed 
by addition of 20 ml ether. After 10 min the solid was filtered off and washed twice with a 1: 1 
bemenbctha. The tan-colored anhydride IV (18 g) melted at 91-loo0 and was used directly in 
FriedeKrafts reactions. It could be recrystallized from EtOAc-ether and it separated in a haphazard 
manner in one of 3 crystalline forms melting at 117”, 105-109” and llO”, respectively, each having 
a distinct IR spectmm. (Found: C, 59.71; El, 5.80. Calc. for GH1OOl: C, 59.33; H, 5*53%.) 

The main ether-benzene titrate was taken to dryness and the gum heated on the steam bath with 
50 ml water and 50 ml cone HCl until all dissolved. Distillation h IWCW, to dryness and washing of 
the solid product with cold cone HCl furnished 7 g of the acid Va. 

B&k&Crafts reactiss of at&ydtkie N with benzene. To a soIn of 200 mg of Iv in 20 ml CH&l, 
was added 500 mg anhydr AK&. After stirring for 20 min. 2 ml benzene was added and stirring 
was contimted for 72 hr. The reaction mixture was decomposed with ice and HCl, the aqueous layer 
was reextracted with CH,Ci, and the combined organic layers were washed with water and evaporated. 
The residual gum was t&en up in ether and extracted with tbrce 10 ml portions of 10% NascO,. 
The combined aqueous extracta wtpe washed with ether and acidi&d with HCl. The mixture was 
twice extracted with ether, the combined extracts were washed with water and evaporated. Addition 
of ether precipitated 12 mg of a solid, m-p. above 270“, which was not investigated further. Dilution 
of the filtrate with pet. ether gave a total of 72 mg of crystals, m.p. 128-141”. Suazssive recrystal- 
lizations from pet ether-ether fur&hed wide-melting solids which probably axe a mixture of 2-methy!- 
2-(~nzoyf~thyf) 3~x~cucrOp~f~c~r~xylic acid and 2-~t~y~-2~c~r~~t~~ 3-bcnrqyl- 
cyclopenranone. A sample m.p. 133-141” was analysed, (Found: C, 69.32; H, 6.07. Calc. for 
CIIH,,O,: C, 69.21; H, 6*20%.) 

Esteritkation of this sample with diazomethane aad recrystalJizatioa from pet. ether &orded a 
product meking at 8&84*, the mass spectrum of which showed it to be a mixture. (‘Found: C!, 
69.83; IX, 6.48. Calc. for C,‘H,*O,: C, 70.05; H, 6*61%.) 

2-~ethyf-2-~(4,6t~x~l-naphthoyl)nrethyf~3~xocyc~o~oxocyc2opentanecarboxyllcucidmethyf ester(x) 
and 2-~r~yl-2-(corbomethx~ihyl) 3-(4,~~t~~-l-~~~~yJ) cy~~~fa~~ (IX). A sus- 
@on of 45 g of anhydr AIClt powder in 1*5 1. Cl&C& was treated with 18 g of IV and stirred for 
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I0 rain. 1,7-Dimethoxynaphthalene (40 ml) was added and stirring was continued for 40 hr. The 
dark soin was poured into a mixture of ice and cone HC1 and the aqueous phase was rcextracted with 
CH~CI,. The combined extracts were washed twice with water, the solvent was distilled and the 
residue taken up in 500 ml ether. The faltered ether soln was extracted with three 70 rnl portions of 
10% Na,COaaq and the combined extracts were washed with ether and acidified with cone HCI. The 
precipitated gum was allowed to settle for 24 hr, the clear supernatant liquid was decanted and the 
gum washed by decantation with two portions of water. The aqueous sol- was extracted twice with 
EtOAc and then twice with CHCIs. The combined extracts were evaporated /n mcuo to give a 
colorless solid, which after washing with a little ether weighed 2.4 g, melted at 170-175 °, and was 
shown by IR spectroscopy to be the acid Va. 

The gummy reaction product, which partially solidified on standing for 36 hr, was triturated with 
ether and the solid was filtered and washed with a small amount of ether to afford 12 g of a tan 
solid, m.p. 120-150 °. The dried ether filtrates were evaporated and gave 8 g of an oil. Both the crude 
solid and the oil showed UV absorption characteristic of 1,7-dimethoxynaphthalene acylated in 
position 41, and were each esterified with diazomethane and purified by chromatography over 
Florisil. Elution with pet. ether-benzene mixtures, benzene and benzene-ether mixtures gave oily 
fractions which were diluted with a little ether. The "natural" ester X was usually obtained from the 
fractions eluted with the more polar mixtures of solvents, while the early eluates, and also the filtrates 
from X, slowly deposited several crops of the characteristic large transparent crystals of the isomer 
IX, which were washed with ether-pet, ether. If a mixture of the two solids crystallized out, the latter 
isomer could be dissolved in cold ether, leaving behind the ester X. When no further crops of the 
isomer IX could be obtained, the combined mother liquors were rechromatographed over Florlsil, 
whereupon additional amounts of both isomers were obtained as above. The situation was further 
complicated by the fact that the relatively insoluble isomer X was sometimes admixed with a third 
isomeric compound ("C") of similar solubility. It could be separated from X either during the 
chromatographic purification or by trituration with hot MeOH in which it is somewhat more soluble 
than X. 

The analytical sample of/somer "C" (from MeOH) melted at 185-187 °. Its UV spectrum was 
different from that of IX and X: 2 ~  a 222, 242, 294, 300, 330 and 340 mp (e 37,000, 25,400, 
4800, 4770, 3180 and 3500; ) .~r  5"75 (wide) and 5.85 p; no OH in the 3 p region nor an unsaturated 
carbonyl around 6p. (Found: (2, 68.91; H, 6.31. Calc. for C,H~O,:  C, 68-73; H, 6.29~o.) 

The analytical sample of isomer IX (from ether-pet, ether) melted at 92-95°; ~toa 250, 311 and 
339 mp (e 35,000, 8500 and 6500); ~ 5.73, 5.78 and 6.00 p. (Found: C, 68.69; H, 6.28. Calc. 
for C,Hs4Oe: C, 68.73; H, 6.29~0.) 

The analytical sample of isomer X (from MeOI-I) melted at 166-168°; ; t~u a 249, 315 and 338 n~u 
(e 36,000, 8700 and 6000); r~r )'m~ 5.73, 5"78 and 6.00 p. (Found: C, 68.59; H, 6.41. Calc. for 
C,H,,Oe: C, 68"73; H, 6"29~.) 

The 3 compounds were isolated in the following amounts: isomer "C", 0.60 g, m.p. 180-185°; 
isomer IX, 5.29 g, m.p. 80-90°; isomer X, 1.42 g, m.p. 161-165 °. 

2-Methyl-2LS(4,6-d'methoxy-l-naphthyi) ethyl]-3-oxocyclopentanecarboxylic acid methyl ester XII. 
A soin of 580 mg of the ester X in 50 ml of AcOH containiug 0.5 ml of 70~0 HCIO, was shaken for 
30 rain with Hj at 35 psi in the presence of 2 g of 5 ~0 Pd--C. The filtered soln was poured into 200 ml 
of water and the mixture extracted with three I00 ml portions of benzene. The combined extracts 
were washed with water, NaHCOaaq and taken to dryness. The residual oil deposited overnight 
145 mg of large prisms, m.p. 11 5-125 °, which were washed with an ether-pet, ether mixture. Additional 
235 mg, m.p. 120-125 °, were obtained by chromatography of the filtrate over Florisil. Recrystal- 
lization from MeOH raised the m.p. to 123-125°; 2mm°,x a 218, 248, 287, 298, 323 and 338 m/~ (e 42,000, 
37,000, 5600, 5400, 2400 and 2800); gmr'a,~ 5"73 p. (Found: C, 71.19; H, 7.00. C.alc. for CaaH,,O.: 
C, 71.33; H, 7.08~o.) 

2-Methyl-2-(carbomethoxymethyl) 3-[(4,6-dimethoxy-l-naphthyl) methyl] cyelopentanone (XI). 
Hydrogenation of a soln of 4.44 g ester IX in 200 ml of AcOH containing 2 ml of HCIO~ in the 
presence of 4 g of5Yo Pd-C was carried out as described for isomer X, except that a 3.5 hr period was 
necessary to complete the hydrogenolysis. The resulting gum was chromatographed over 150 g of 
Florlsil. The fractions e.luted with benzene exhibited the required UV absorption and could be 
crystallized from MeOH to afford 284 mg of the ester XI, m.p. 117-119 °. The analytical sample 

2mgx5-70-5-82p. (Found: C, 71"52; H, melted at 120-121 °. UV absorption--like isomer XIV. r J r  

7.20. Calc. for C.HaeO,: C, 71"33; H, 7"08Yo.) 
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3,6Dimerhoxy-1.3,5(10).6,8,14-csrrahuroene-17~~r~~~~fc acid met&1 ester (III). A soln of 
l23mgofthoesterXIIin11mlofAcOHand13mlofconcHClwasmfhrxedforl0hr. Thesoln 
was taken to dryness in eacuo and tho residue was dried by amotropic distillation with benxene. The 
green glass was dissolved in 5 ml of MeOH, treated overnight with an excess of ethereal diaxomethane 
and tbo product was chromatographed on 4 g of Fiorisil. The fractions eluted with 5 % benzne in 
pet. ether wore crystahixed from MeOH to afford 57 mg, m.p. 186-187” (reported1 188-1893, identical 
(IR, UV, TLC) with an authentic sample of III. 

l-&Uethoxy-2-Mphthyl) 2-methyl-2-carbomethoxymethyl-3-carbomethoxycyclopentanol (?Wb) 
To a soln of Vc (obtained by esteriiication of 20 g of the acid Va with diazomethano) in 50 ml of 
absolute ether kept at -10” was forced under N a soln of I.18 equiv of dmethoxy-2-naphthyllithium 
prepared as described.’ The stirred mixture was allowed to come to room temp, then stirred for 
additional 2 hr and IinaIly cautiously treated with cooling with dil HCl. The organic layer was 
separated, washed with water, evaporated, and the residual oil refluxed for 3 hr with a soln of 50 g 
KOH in 700 ml of EtOH. The soln was taken to a low volume In wcw. 300 ml water was added and 
tho ppt was filtered off. It was further washed with 5 % KOH, water, and was dried to furnish 10 g 
of a solid, m.p. 106’. shown to be tho starting 2-bromo&methoxynaphthalene. Tho alkalino filtrate 
and washings wore acidi6ed with HCl and the precipitated oil was taken up in ether, washed with 
water and ester&d with diaxomethane. Chromatography over 300 g of FlorisiI gave, with pet. 
ether-benmno (1:l) and benzene, 2.3 g of the crude KVb, m.p. 12&123”. Recrystallixation from 
ether afforded a sample m.p. 122~124”. &yX 290, 5.73 and 5.78 ,u. (Found: C, 6829; H, 6.71. 
Calc. for &HWO,: C, 68.38; II, 6*78%.) 

l-Merhyl-l-carbomctho~thyl-2-(6-methox~~~phthy~5-car&mcthoxycyclo~~-~~ (XVIII). 
A soln of 430 mg of KVh and of 1 g ofptoluenesulfonic acid in 85 ml benxeno was refluxed for 1 hr. 
Tho cooled mixture was washed with water, dilute NaHCO,aq and evaporated to afford an oil, which 
on trituration with a little MeOH deposited 130 mg of a solid, m.p. 108-109”. Chromatography of 
the filtrate over Florisil afforded (with 20% benxene in pet. ether) additional 120 mg of the same 
material. The analytical sample (MeOH) melted at 110-l 11’; ztzz 234,286 and 330 m,u (e 57,500, 
8,450 and 1470); a?_ 5.75 ,u (broad). (Found: C, 71.75; H, 660; Cak. for C,,H,,O,: C, 71.72; 
H, 6.57 %.) 

Fractions eluted with more polar mixtures of solvents consisted of oily material exhibiting lactone 
absorption at 540 p. 

,Mnowle@ent-The authors thank Mr. M. Moshe for his skillful technical assistance. 


