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ABSTRACT 

Levoglucosenone (1,6-anhydro-3,4-dideoxy-P-D-glycero-hex-3-enopyranos- 

2-ulose) undergoes [4 + 21 addition with cyclopentadiene from the (Y face to give 

65% of endo-alkene (2) and 16% of exo-alkene (3) adducts. Reduction of 2 with 

sodium borohydride gave 53% of the endo alcohol 4, and 39% of the exo alcohol 

5. Oxidation of 5 with m-chloroperoxybenzoic acid gave the expected oxirane, 

whereas 4 gave an alcohol (6) resulting from oxirane ring-opening by HO-2. Re- 

duction of adduct 3 with sodium borohydride gave 74% of the exo alcohol and 22% 

of the endo alcohol. The structure of 6 was confirmed by X-ray crystallography. 

INTRODUCTION 

Work in this laboratory2-4 has demonstrated that addition of cyclopen- 

tadiene to suitable acyclic, truns-unsaturated sugar derivatives may be used to af- 

ford crystalline bicyclo[2.2.l]hept-2-ene derivatives in good yield under 

stereochemical control. These offer convenient access to optically pure, tetra-C- 

substituted cyclopentane derivatives of defined stereochemistry that are of interest 

in the synthesis of prostaglandin analogs. In the present work, we have employed 

the cyclic, unsaturated sugar derivative 1,6-anhydro-3,4-dideoxy-p-D-gfycero-hex- 

3-enopyranos-2-ulose (levoglucosenone, 1) as the dienophile, and have prepared 

crystalline and optically pure bicyclo[2.2.l]heptane derivatives in good yields. The 

products have been fully characterized by ‘H- and 13C-n.m.r. spectroscopy. 

The structure of compound 1, a product obtained by pyrolysis of acid-treated 

cellulose, was elucidated by Broido and his co-workers”, and Shafizadeh et al. have 

described its preparation from waste paper6 -Ind have studied several of its reac- 

tions’-“, including its conversion into a crystalline adduct with cyclopentadiene’. 

Brimacombe and co-workers’* prepared 1 by pyrolysis of microgranular cellulose 

powder pretreated with potassium hydrogemulfate, and used it in a synthesis of 

*Supported, in part, by Grant No. GM-l 1976 from the National Institute ut (icxra! \lediL.al Sciences. 
NIH, Bethesda, Maryland 20205. For a preliminary repor; on part of this work. ec ref. 1. 
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1,6-diamino-2,3,4.6-tetradeoxv-~~-~,~~~~~~~~-hex~)se (purpurosaminr 1 ‘i. :I compo- 

nent of the aminocyclitol antibiotic gentamicin c’,,,. Addition of cyclopentadiene to 

other hex-2-enopyranosides has been reported by Fraser-Reid IV rrl. ! ‘_ 

Although levoglucosenone was successfully prepared from microgranular 

cellulose as described by Brimacombe and co-workers”, we experienced experi- 

mental difficulties in proper maintenance of the vacuum, in unc\ttn tieal-tr;lnsfcr. 

and in clogging of the receiving tube. and these problems discouraged routine USC 

of the method. An attractive feature of this method is its simplicitl in employing ;I 

Bunsen burner. rather than the elcctricall~ heated Inbe-furnace &plo!rd by Chin 

and Shafizadehf’. 

We now describe a relatively inexpensive apparatus for pyrolysis (set Fig. 1) 
that is simple to operate and whch may he readily assembled from >tandard lahora- 

tory equipment. The acid-treated paper is pyrolyzed under nitrogen in a rotating 

quartz tube heated by a Meker burner. This apparatus was u\tid to prt~pare -4’5 g 

of 1 from waste newspaper in ;I net Geld of I .!-?.‘4 
It has been reported” that Diets-Alder reaction of 1 with i.y(:lopenttldit~ne. 

conducted in an excess of rcfluxing dicyclopentaciienc, affords 47 ,Y!; (!f 3 crystal- 

line adduct 2 and a trace of an unidentified hydrocarbon. #-e havt* canductcd the 

reaction between 1 and cyclopentadiene at 133~--137” in boiling cblorobcnrene, and 

have isolated a syrupy adduct 3 ( 16.ScG ). in addition to the cr!atalline adduct 2 

(65%). The latter had the same m.p. and ‘FI-n.m.r. spectrum x the product rc- 

ported by Ward and Shafizadeh”. The structure of 3 was determined from its ?OO- 

Ml-17, ‘H-n.m.r. spectrum (see Table I). No coupling was observed between H-4 

and H-S in the spectrum of either 2 or 3. indiatin? that H-J and H-5 are approxi- 
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mately diequatorial in both compounds (/3-D-ribo configuration) and that both ad- 

ducts arise from attack at the lower (cy) face of the dienophile 1. Assuming that the 

crystalline, major adduct 2 is the rnrlo-alkene, as described by Ward and Shafi- 

zadeh” (and conclusively established here by X-ray crystallography of a transfor- 

mation product), the minor, syrupy adduct 3 is the e.ro-aikene”. Compounds 2 and 

3 thus differ only in the configuration** at C-7 and C-10. being 7(.S).10iK) in 2. and 

7(R).lO(S) in 3. 

The adduct 2 was readily reduced by sodium horohydride in 05“; ethanol at 

-25”. to give a mixture of the erzdo alcohol 4 (53%) and exe alcohol 5 (39? ), read- 

ily separable by column chromatography on silica gel. The less-polar product was 

predictably the en&,) alcohol (4. ,!%D-u/lo configuration) and showed 7ero .I,,, 

coupling, as anticipated for the diquasiequatoriai disposition c>f H-l and I-I-2; the 

more-polar. PXXO alcohol 5 (/I-D-aitro configuration) displayed a coupling of 3.3 Hz 

between H-l and the quasiaxially disposed H-2. 

Both alcohols were colorless, crystalline solids whose structures were con- 

firmed chemically by subjecting them to oxidation with r71-chloroperox)ibenzoic 

acid. The endo alcohol 4 (~/lo configuration) has the ?-hydroxyl group situated in 

close proximity for rearside, intramolecular attack at C-8 on an intermediate 

oxirane. to form a five-membered, cyclic etherI having an eso-hydroxyl group at 

C-9. On the other hand. the e.ro alcohol 5 (aho configuration). would be expected 

to yield a stable oxirane. 

The results were in accord with expectations. Treatment of 4 with r?l-chloro- 

peroxybenzoic acid in chloroform at -25” gave the polycyclic alcohol 6 (Y7G) as 

colorless crystals, whereas, under similar conditions. 5 gave the crystalline oxirane 

7 (84%). Furthermore, treatment of 4 with iodine in ethanol at ,--35’ afforded the 

crystalline iodide 8 (97%), whose 200-MHz. ‘H-n.m.r. spectrum was similar to that 

of 6. The “C-n.m.r. spectrum of 8 (see ‘l‘able II) was very similar IO that of 6. cx- 

cept for a marked, upfield shift of the signal for C-Y. 

The structure of 6 was confirmed by X-ray crystallographic analysis”, and 

that of 7. by comparing the 200-MHz. ‘H-n.m.r. spectra of the two compounds. An 

AH quartet in the 6-3.3.-3.5 region. showing a coupling conhtant t)E 3.6 Iiz. was ob- 

served in the spectrum of 7, indicating the presence of an oxirane ring having cis- 

hydrogen atoms. In contrast. J <,‘, for 6 was found to be zero. indicating that the tlvo 

hydrogen atoms are [runs-disposed. The marked, upfieid shift of the signal for H- 
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TABLE II 

CARBON-13 N.M.R.-SPECTRAL DATA FOR COMPOUNDS Z-10 
._ 

Compound Chemical shifts (8) 
-~- .-- 

C-l c-2 c-3 c-4 c-5 C-6 C-7 C-8 c-9 c-10 C-II 
.-.___ 

2 99.5 200.1 47.0 42.6 75.0 70.4 47.0 135.7 134.2 46.5 49.6 
3 99.3 201.1 45.0 42.0 77.0 70.0 47.0 139.5 136.4 48.3 44.6 
4 102.1 68.0 39.6 42.3 74.5 71.3 46.5 137.8 132.9 47.7 50.0 
5 100.0 69.9 47.0” 44.2# 74.4 71.1 46.3 t135.8, 47.9 50.4 
6 99.5 77.1 34.2 40.9 73.9 69.0 47.1 89.4 75.4 45.2 32.6 
7 99.7 66.7 42.5” 44.1” 73.5 71.3 39.4 49.9 49.5 42.2 26.9 
8 99.3 76.7 34.0 42.5 73.8 69.1 49.0 91.3 33.1 48.2 37.5 
9 99.7 73.7 44.5” 4l.P 76.4 70.9 47.6 139.0 135.4 44.4 44.3 

10 102.3 70.9 31.4 42.8 76.5 67.7 47.4 139.6 136.6 46.0 33.9 

“These assignments may have to be interchanged 

11’ in 7, relative to that for the other compounds in this study, further confirms the 

anticipated, exo disposition of the epoxide group in 7. 

The 200-MHz, ‘H-n.m.r. spectrum of the exe alcohol 5 corresponds closely 

to those of 1,6-anhydro-/3-D-altropyranose derivatives, in that H-l resonates as a 

doublet’h-2’. However, the value of J,,* (3.4 Hz) is significantly greater than that 

(1.2-2.2 Hz) reported in those examples. The ‘H-n.m.r. spectrum of the endo al- 

cohol 4 resembles those of 1,6-anhydro-~-D-allopyranose derivatives, but the H-l 

signal is observed as a singlet, rather than a narrow doublet. A similar observation 

was made by Pedersen and co-workers in their study of benzoxonium ions derived 

from 1,6-anhydro-2,3-Gbenzylidene-P_D-hexopyranoses having the altro and 

galacto configurations . p 22 A robable reason for this diminished Jr ,2 value is pertur- 

bation of the molecular framework through the additional rigidity imposed on the 

structure by the bicyclo[2.2.l]hept-2-ene system. It is noteworthy that, in the 200- 

MHz, ‘H-n.m.r. spectrum of the polycyclic alcohol 6, H-l resonates as a doublet, 

with J1,2 = 2.2 Hz, indicating a change in the geometry in the vicinity of C-2 as a 

result of the formation of the five-membered, cyclic ether. 

Reduction of the minor adduct 3 with sodium borohydride in 95% ethanol at 

-25” afforded a mixture of the (more polar) exe alcohol 9 (74%) and (less polar) 

endo alcohol 10 {22%), readily separable as colorless, crystalline solids by column 

chromatography on silica gel. The structures were clearly established from their 

200-MHz, ‘H-n.m.r. spectra. Once again, H-i for 9 appears as a doublet, with Jl,z 
= 3.4 Hz, indicative of the ah-o configuration, whereas the H-l signal for 10 is a 

singlet, demonstrating that 10 has the alfo configuration. 

The product distribution in the reduction of 2 differs from that observed with 

3. The endo-alkene adduct 2 gives the endo alcohol as the major product, whereas 

the exo-alkane 3 gives mainly the exo alcohol. Axial attack by borohydride is more 

hindered in 2 than in 3, because the carbonyl group is endo to the 
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bicyclo[2.2.l]hept-Z-ene system in 2, whereas it is exe in 3. Thus, endo attack of the 

borohydride (resuiting in the formation of the exe alcohol) is favored for the exo- 

alkene 3. 

EXPERIMENTAL 

Generai methods. - Evaporations were performed under diminished pres- 

sure at a bath temperature below 50”. Melting points were determined with a 

Thomas-Hoover apparatus and are uncorrected. A Perkin-Elmer Model 141 

polarimeter and 1-dm tubes were used for measurement of specific rotations. T.1.c. 

was performed on precoated glass plates (0.25 mm) of Silica Gel 6OF-254 (E. 

Merck); zones were detected by spraying the plates with 10% sulfuric acid, with 

subsequent heating. Silica Gel 60 (E. Merck) was used for column chromatog- 

raphy. Microanalyses were performed by Dr. Ole Mols. 1.r. spectra were recorded 

with a Perkin-Elmer Model 457 grating i.r. spectrophotometer, with solids 

dispersed in potassium bromide, and syrups as films on sodium chloride discs. ‘H- 

N.m.r. spectra were recorded at 200 MHz with a Bruker WP-200 spectrometer 

operating in the Fourier”transform mode at -25”. The assignments, con~rmed by 

decoupling experiments, are listed in Table I. i3C-N.m.r. spectra were recorded at 

50.3 MHz with a Bruker WP-200 spectrometer operating in the Fourier-transform 

mode at -35”. Most assignments were confirmed by heteronuclear decoupling ex- 

periments, and are listed in Table II. Unless otherwise noted, samples for ‘H- 

n.m.r. and 13C-n.m.r. study were dissolved in chloroform-d containing tetra- 

methylsilane as the internal standard. Mass spectra for compounds 7, 9, and 10 
were recorded by C. R. Weisenberger with a KRATOS MS-30 double-focusing, 

double-beam, high-resolution, electron-impact spectrometer operating at 70 eV 

and an accelerating potential of 4 kV; the source temperature (direct-inlet system) 

was 120”. Mass spectra for the remaining compounds were recorded by C. R. 

Weisenberger with an AEI MS-9 double-focusing, high-resolution spectrometer 

operating at an ionizing potential of 70 eV and an accelerating potential of 8 kV; 

the source temperature (direct-inlet system) was 120”. X-Ray powder diffraction 

data give interplanar spacings, A, for CuKa radiation. The camera diameter was 

114.59 mm. Relative intensities were estimated visually: m, moderate; s, strong; v, 

very; w, weak. The strongest lines are numbered (I, strongest); double numbers in- 

dicate approximately equal intensities. 

f,6-Anhydro-3,4-dideoxy-P-~-glycero-hex-3-enopyranos-2-ulose (levo- 
glucosenone; 1). - Shredded newspaper was pretreated with 1% phosphoric acid6 

and pyrolyzed, in 2&25-g batches, in the apparatus illustrated in Fig. 1, consisting 

of a quartz tube, one end of which was connected to a rotor, and the other, to a 

mercury seal containing motor-grease as the sealant. Pyrolysis was conducted in an 

atmosphere of nitrogen, which was passed through the mercury seal. A Meker 

burner was used for heating. The pyrolyzates were treated as described in ref. 6. 

The brown, oily product was distilled at a pressure of 13.3 Pa (0.1 torr), and the 



fraction distilling in the range of W-60” was collected. The ‘H-n.m.r. spectrum of 

this fraction was essentially identical to that reported by Broido rt al.‘. About 75 

g of 1 was prepared, and the yield was 1 .S-2%. based on the weight of paper used. 

The ievogiucosenone thus obtained, [a]$ -503” (c 1. chloroform) (lit.7 [~y]i?ji 

-530”). was suitable for the following synthetic transformations. 

Mrljor (2) and minor (3) adducts o)~Itvogluco.sc?notzc~ (I) M’ith cyclopentadienc. 
- A mixture of 1 (3.00 g). dicyciopentadiene (6.00 g). and chiorobenzene (Y mL) 

was boiled for Y h under reflux (134-137”); t.1.c. with 5: 1 toiuene-ethyl acetate 

then indicated that the reaction was complete. Evaporation of the solution af- 

forded a yellow syrup, t.i.c. (5: 1 toluene-ethyi acetate) of which exhibited a major 

component, 2 (K,. 0.54). and a minor one. 3 (RF 0.62). Chromatography of the 

syrup on a column of silica gel with 5: 1 toiuene-ethyi acetate afforded 1.01 g (65%) 

of 2 as a pale-ycilow solid. and 750 mg (16%) of syrupy 3. 

For analytical purposes. the major adduct 2 was recrystallized from 1: 1 
ether-hexane; m.p. 62&W (lit.” m.p. 61.5-62.5”), [a]$ --222” (C 1. choroform); X- 

ray powder diffraction data: 7.16 w. 5.90 m (2). 5.39 s (1 ). 5.18 VW. 4.Y5 w. 4.78 w. 

3.90 w. 3.34 w. and ?.97 VM. 

‘I’he minor adduct 3 had [a]:)i -220”(~ I. chloroform); rj,F:G 3000 (CH=CH 

cis). 1760 (C=C)), and 11110 cm ’ (C--C-C); m/z (rei. intensity): 1Y2 (14. MT), 163 

(8, M’ - CO), 119 (11. lb4 - HCOJ). 11x (6’). 164 - H&W?). I17 (78. 11s 

--H.). 105 (30. 263 --- C‘fl~O. 1’0, H.). 02 (49, 11X - C:>Hz). 01 (77. ‘)3 - H.). 7S 

(1 1. 3’1 - CM2j. 77 f It?. 01 - C’FI,), and 66 (TOO. M: - CC,H,,O i). 

,dt~rnl. C ale. for CC,,lI! -(II (i92.71 ): C‘. hS.7:: 1-1. h,.X. I’cwnd: C‘. h?.Ob; H. 

6.08. 

KeJrrctiiw of !nUji)r irddilct 2 10 tzntio (1) and eY0 (5) cIlcr~~ir~l,s. TO 23 SOIU- 

tion <it -,3?- Of iIdtillCt 2 (7.0(\ g. ill.4 mm0i) 1r7 05’ c ethnd (20 nsi~.) was added a 

solution of sodium bornhydride (320 my. X.15 mmoi) in watct i.3 ml.) containing 

one drop of 405’; potassium hydroxide coiution. The mixture &;I> stirred for 2 h at 

-75’; t.1.c. (1 :2 toiucne--ethyl iaoctatc) then indicated the absence 11i 2. Acctonc 

(-,I mL) \tas add&. to dccompo11e the exces> of bc)rohydride. and the mixture was 

made neutral (to pH -7) with regenerated Dowex 5Ou’-JS cation-exchange resin. 

requiring I .07 g of the r&n. Decantation of the solution. foil,llow~d by evaporation. 

afforded a syrup that contained (t.i.c., 1 :2 toiucne-cthyi acetate) t\ho wmponznts. 

namely 4 (R, 0.64) and 5 (R, 0.34). Chromatography on it column of silica gel with 

1 :3 toiuene-erhvi acetate .ifforded 4 (1 .Oh g. 52.X? ) and 5 (7’00 mp. W.7r; ). both 

as coiorlcss st)lids that were recrvstaiiized from 1 : I ether--hoxanr:. 

The less-polar (twdctj ,klcc;hoi 4 h;id n1.p. X5-X(,‘. /u];; +%.h” ((’ 1. chioro- 

form): ZI ,z‘iy 3.500 ((~I-H). I l-10 CC’-O-C‘). and 1040 cm ’ (C’--0); 1fr2 (rei. inten- 

sity): I10 (9, %I! - CH>O, (‘,H,. NJ), i-1.). 92 (0. hl: --- c‘H,O. C‘,Il,. li#. 
CO). 01 (If-l. I I9 - C‘O). ;’ (h. 91 - cx7), 66 (iO0. %I’ -- (‘J3sOx’~. S-ray pow- 

derdiffraction data: X..ItE 171. rj.15 3 (l,l), 5.68 vw. 5.09 s (1.1). 1.7% \\. 4.14 m. 3.9% 

w, 1.79 we 3.67 \/IV. .‘i,-N \‘u, ?..li ‘$‘L\,, 2241 U. 2.31 ~k4. ;IIK~ 1 .%I 111. 
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Anal. Calc. for C1,H1403 (194.22): C, 68.00; H, 7.27. Found: C, 68.10; H, 

7.21. 

The more-polar (exe) alcohol 5 had m.p. 71-72”, [LY]~; -79.0” (c 1, chloro- 

form); v,“,“: 3400 (O-H), 1090 (C-O-C), and 1070 cm-’ (C-O); m/z (rel. inten- 

sity): 119 (11, Mf - CH20, C2H2, H20, H+), 91 (14, 119 - CO), 77 (5, 91 - 

CH2), 66 (100, Mt - ChH803); X-ray powder diffraction data: 12.74 m, 7.60 m, 

6.39 s (2), 5.69 m, 5.44 VW, 5.13 vs (l), 4.84 s, 4.70 m, 4.38 w, 4.23 m, 3.97 w, 3.76 

m, 3.03 w, 2.86 VW, 2.79 VW, 2.62 w, 2.55 w, 2.49 VW, 2.41 w, and 2.35 w. 

Anal. Calc. for CllHr403 (194.22): C, 68.00; H, 7.27. Found: C, 68.23; H, 

7.13. 

Conversion of endo alcohol 4 into polycyclic alcohol 6. - To a solution of 4 

(200 mg, 1.03 mmol) in chloroform (10 mL) was added a solution of m-chloro- 

peroxybenzoic acid (80% purity; 232 mg, 1.08 mmol) in chloroform (5 mL) at 

-25”. The mixture was stirred for 2 h at -25”, when t.1.c. with 2:5 toluene-ethyl 

acetate indicated that 4 was absent. Saturated sodium hydrogencarbonate solution 

(10 mL) was added, and the mixture was vigorously stirred for 0.5 h. The aqueous 

phase was separated, extracted with three 5-mL portions of chloroform, and the or- 

ganic phases combined, and evaporated, to afford essentially pure 6 (211 mg, 97%) 

as a colorless solid which was recrystallized from 95% ethanol; m.p. 120”, [a]g 

+17.5” (c 1, chloroform); ugg 3430 (O-H), 1100 (C-O-C), and 1060 cm-’ (C-O); 

m/z (rel. intensity): 210 (17, Mt), 192 (14, M* - H,O), 181 (5, M+ - HCO), 164 

(17, 192 - CO), 146 (10, 192 - H2C02), 135 (14, 181 - H&O& 109 (9, 135 - 

C2Hz), 105 (11,164 - CH20, CO, H.), 92 (11, 192 - CO, H2C02, &HZ), 91 (12, 

92 - H.), 81 (29, M+ - CsH702, CH,O), 78 (5, 92 - CH2), 77 (13, 91 - CH,), 

and 69 (100, Mt - CHZO, C4Hs02, &HZ); X-ray powder diffraction data: 11.04 

VW, 7.46 w, 6.33 m (2,2), 5.85 m, 5.46 m (2,2), 4.74 vs (l), 4.47 w, 3.94 m, 3.65 w, 

3.49vw,3.30w,3.16w,3.04vw,and2.84m. 

Anal. Calc. for C11H1404 (210.22): C, 62.81; H, 6.71. Found: C, 62.88; H, 

6.79. 

Epoxidation of exo alcohol 5 to oxirane 7. -To a solution of 5 (134 mg, 0.69 

mmol) in chloroform (10 mL) was added a solution of m-chloroperoxybenzoic acid 

(80% purity; 155 mg, 0.73 mmol) in chloroform (5 mL) at -25”. The mixture was 

stirred for 2 h at -25”, when t.1.c. with 2:5 toluene-ethyl acetate indicated that 5 

was absent. Saturated sodium hydrogencarbonate solution (10 mL) was added, and 

the mixture was vigorously stirred for 0.5 h. The aqueous phase was separated, and 

extracted with three 5-mL portions of chloroform. Evaporation of the combined 

organic phases afforded 7 (121 mg, 83.4%) as a colorless solid which was recrystal- 

lized from 95% ethanol; m.p. 119-121”, [cz]~ -71.8” (c 1, chloroform); ~fi: 3440 

(O-H), 1090, 1080 (C-O-C), and 1020 cm-’ (C-O); m/z (rel. intensity): 135 (34, 

M+ - CH20, HC02), 121 (59, M+ - CH,O, C2H302), 111 (10, Mt - OH, 

C5H60), 108 (42, M+ - C4Hh03), 95 (55, 121 - CZH2), 82 (100, M+ - C6H803), 

69 (94, M+ - C2H2, C5H703), 66 (96,108 - C2H20), 55 (46,108 - C,Hs), 53 (64, 

135 - C5H60), 43 (57, Mt - CH20, CsH90,), 42 (lo,82 - C3H4), 40 (23,82 - 



C,H,O); X-ray powder diffraction data: 6.17 w. 5.75 m, 5.45 vs (I), 5~17 s (1.2). 

3..5Sm,3.2Ss(2,2),4.0Sw.and3.80~. 

Annl. Calc. for Cl,Hl,,Oj (‘210.22): C, 62.81: H, 6.71. Found: C‘. 62.94: H. 

6.53. 

Convemion f7fendo dcohol4 into pdvcvcfic iodide 8. -- A sotutinn uf iodine ” _ 
(132 mg, 0.52 mmolj in 95% ethanol (5 mL) was added dropwise to a solution of 

compound 4 (100 m_, 0 0.52 mmolj in 05%: ethanol (5 ml_), stirred at *,-135” :tt a rate 

such that the mixture remained colorless. Evap~r~~ti~~r~ of the mixture afforded X 

(1% mg, 97.6%) as a coloricss. crystalline solid: m.p. 1%--I??“. ]@ -+-64.5’ ((. I. 

chloroform); ~2:; 3460 (0-H) and 108fi cm i (C-O-C): ~7:: (~1. intensity): 32U 

(7.9. M”). 193 (iO0. M! - I), I-17 (l&S, 193 -- H&O-1, 11‘7 (15.8. 117 -- <‘IfJO). 

91 (26.8, 117 - C,H?), and 66 (14.7. 193 - CRH703). 

Anal. Calc. for CIIH,~IO~ (319.99): C, 41.1,. ‘7. F-I, 4.09. Found: i’. 41.2-t: H, 

4.19. 

Re~~~~~~~l of the mirror ~~~1~~~ 3 r<, exct (9) nnrl cndo (lo) ~~~~.oh~~~.~. - To a 
soiution of compound 3 (112. mg, 583 pmol) in 95% ethanol (5 mt.) at --35’ was 

added a solution of sodium bor~hydr~de ( 17 m g. 353 pmol) in I ml, of water cofl- 

taining one drop of 20% potassium hydroxide soluticrn. The mixture was processed 

as for the preparation of 4 and 5. T.1.c. (1 :7 t~~luelle-~thy~ acetatc) exhibited one 

major product, 9 (,RFz U.55). and a minor, less-polar one. 10 (R,. 15.Y). plus a trace 

of a third product (RF 11.81). Chromatography on a column of silica get \vith 7:.x to- 

l~ene-ethyl acetate affbrded 9 183 mg, 73.6%) and 10 (35 mg, 22% 1, h3th as cotor- 

less solids. 

The t?xt~ alcohol 9 had m.p. 72-73”. [al:; .- 104” (U I. chl(~r~f~~rm)~ L~,~~~ 3430 

(O-H), I10 (C-O-C). tmd 1060 cm- ’ (C-O); m/z (rel. intensity): 19X {St, M + -. 

H&UI), 147 (8, 148 .- I-r.). I Iii (9, 148 - CH20j, 11: (3X. 147 -- CFIYO), 104 133, 

I18 - UI-S2). l(1.3 (i7, 117 -- CH,), 92 f44? M! - CH,O, C’:$j7. H$.Ib. Co). 91 (77. 

M’ -- CH,O, C&, flt~C>. El., CO>. 82 (83. 148 - CSH,). tit (86. 147 -- CiH,,), 

78 (28, 104 - C,H2), 77 (54, 91 - CH?). ;md 66 (IOO, M’ -- C’,H,O,); X-ray pow- 

der diffraction data: 8.11 s (3,3). 6.78 VW, 5.94 m, 5.51 s (3.3). 5. t7, s. 4.93 vs (I ), 

4.73 s (2), 3.97 w, 3.82 w, 3,5X w. 3.42 w, 3.29 VW, 2.09 w. 2.81 m. 7.36 w. and 2.22 

v\;c’. 

Anut. Calc. for CllHftO~ (194.22): C, 68.c)O; f-x, 3.27, Found: (‘. 67.71: I_(, 

7.23. 

The en& alcohol 10 had m.p. 109-I 10”. [tzl’i: -36.3” (c I, ch~~~r~?f~~rn~j; IJ:~: 

3420 (O-H), 1160 (C-O-C,), and 1070 cm- ’ (C-O); m/z (rel. intensity): I48 (42. 

M*- - H,Ct&j. 147 (7. 13X - H-j, 11X (8. 148 - CW@), 117 (33. 147 - CH@). 

104 (28. -118 - CH,), 103 (14. 117 - CH,l). 92 (36, NI’ - C‘f-f,O_ C.‘#z.. H&?. 

CO), 91 (75, M+ - C.WzO. CzHl, H,O. f-I+, CO), X2 (8.3, 148 - (‘<PI,>). Xt (X5. 1.17 

- C.qH,), 78 (21. 104 - C,H,). 77 (75, 91 - <‘Hz). and hh (INI, ?vl: -- C:,,H,CI,3); 

X-ray powder diffraction data: 10.97 s, 7.82 w. 6.65 vs (I). 5.73 n-r. 5.-b+ m. J.S7 s 

(2j,~.~~m,4.2~rn.~.~~ w.3.h71~,3.:36w.and3.20~. 

Antrl. WC. for CllHfJO3 (194.22): C. 68.0tl; Ed, 7.27. Found: C‘, 67.76: Fi. 

7.21. 
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