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ABSTRACT 

Several new, [4 + 21 cycloaddition products of levoglucosenone have been 

synthesized, and the oxidation of products of this type has been accomplished by 

several methods, including epoxidation and osmium tetraoxide oxidation, producing 

interesting polycyclic molecules. Additions of long-chain hydrocarbons to levoglucos- 

enone have also been investigated vin Grignard reactions. 

INTRODUCTION 

The addition and substitution reactions of the enone function in 1,6-anhydro- 

3,4-dideoxy-P-o-glycero-hex-3-enopyranos-2-ulose (1, levoglucosenone) provide the 

opportunity for extension of the carbon chain in carbohydrates, and for the synthesis 

of a variety of branched-chain and polycyclic sugar derivatives. Some compounds 

of this type, obtained by the Grignard reaction’, the Diels-Alder’ (i.e., [4 + 21 

cycloadditions) and Michael additions3, and base-catalyzed oligomerization4 of 

levoglucosenone, have already been described. 

We now describe further derivatives of the Diels-Alder addition-products, 

and investigation of longer chain, alkyl derivatives. Some of these compounds and 

reactions could be of interest for the synthesis of non-ionic surfactants and of novel, 

branched-chain sugar derivatives, particularly those involving fused rings. 

RESULTS AND DISCUSSION 

[ 4 + _‘I Cjvzloaddition reactions. - The chemistry and stereochemistry of 

some [4 + 21 cycloaddition products of levoglucosenone have been the subjects 

of a previous publication2. The reaction of 1 with 1,3_cyclopentadiene to produce 

the cyclic derivative 2 (in 48 9: yield) was discussed, and the stereochemistry of 2 

was deduced on the basis of ‘H-n.m.r.-spectral evidence. The synthesis of 2 was 

accompanied by the formation of an isomer, 3, in 3”;; yield*, and its structure is 

investigated here. 

*Compound 3 has since been reported by Bhatt and Hortons. 

0008~6215/83/$ 03.00, @ 1983 - Elsevier Science Publishers B.V. 



7, t-. SIlAFI%ADElI. hl. Ci. ESSICi. D. I). WART, 

There are four pobsiblc, [3 A 21 cycloaddition product\ resulting from the 

reaction between levoglucosenonc and cyclopentadiene. The structure of the major 

product, 2, has been confirmed by a single-crystal, Y-ray dllTraction study’ of the 

epoxidc 5. which UYIS synthwzod from 2. Of the three remsintng possibilities I~.c.. 

3a. 3b. and SC). the magnetic dlsrimilarlty in tbc ‘H-n.m.r. spectrum of H-l l~~ti 

and H-l IS_IX (0.46 p.p.m. apart) wen fw 3. as opposed to the wallcr. 0.17 p.p.m. 

difleronce in the position of the signals of thcsc prl>tonh oft. indlca1c\ lh:tt the p~ranose 
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TABLE II 

SELECTED COUPLING-CONSTANTS (Hz) FOR COMPOUNDS 2-8 

Coupling 2 3 4 5 6 7 8 
constant 

8.5 9.0 
3.0 -0 
3.2 -0 
4.0 4.8 
3.0 3.1 
2.0 1.7 
6 5.6 

NO 3.0 
1.5 1.7 
7.0 7.0 
8.5 8.0 

9.2 10.1 
- 4.5 
- 3.7 
2.7 3.9 

-0 
- 2 
- 3.6 
- -0 
- -0 

- 10.1 

5.4 11.1 
-0 5.3 
10.4 4.6 
5.0 5.0 

-0 9 
-0 -0 
- 5.9 
A0 -0 
- -0 
6.4 7.4 
10.2 10.2 

10.8 
4.3 
4.0 
4.5 

-0 
-0 
5.3 

-0 
1.4 

ring is attached to the norbornyl portion of the molecule in the exe position (see 

Table I). The two structures, 3b and 3c, containing this orientation would be expected 

to have similar ‘H-n.m.r. spectra, and thus it would be difficult to distinguish between 

them. Inspection of molecular models indicated that the dihedral angle between 

H-3 and H-4 is similar, and small, in both 3b and 3c, despite the orientation of the 

norbornyl ring “above” the parent ring-system in 3b, and “below” in 3c. Thus, the 

J,,, value of 9.0 Hz (see Table II) does not indicate which of the two structures, 

3b or 3c, is correct. The H-3 and H-4 resonances of 3 are both farther upfield than 

those in 2, consistent with anisotropic effects of the C = C bond, which, according to 

the model of ApSimon et al.', would have a shielding effect on both H-3 and H-4 

of either 3b or 3c. In unsubstituted norbornene, this effect is evident in the position 

of the ado protons, whose resonances occur at* 0.94 p.p.m. (6) 0.63 p.p.m. farther 

upfield than those of the eh-o protons, which occur at 1.57 p.p.m. 

Inspection of a molecular model of 3b indicated that the steric interaction be- 

tween H-6ertdo and H-llanti would produce considerable strain. Also, addition 

reactions of levoglucosenone previously reported gave products arising from attack 

from “below” the 1,6-anhydro bridge2,3s9. Therefore, despite the similarities expected 

in the n.m.r. spectra of 3b and 3c, the latter structure, in which the norbornyl ring is 

oriented “below” the parent ring-system, is most probably the structure of 3. 

The facile, [4 + 2) cycloaddition reaction between levoglucosenone and 

cyclopentadiene offers the possibility of introducing a variety of new functionalities 

onto the levoglucosenone skeleton. This was demonstrated by the cycloaddition 

reaction between 1 and a cyclopentadiene derivative, 1,2,3,4-tetrachloro-5,5-di- 

methoxycyclopentadiene. 

The reaction proceeded readily on heating, and crystalline 4 was isolated in 

68 % yield. As this reaction is analogous to that producing 2, and similar [4 + 21 



cycloadditlon products have been deduced to h:~ve :~ddcd from “helo~” the Ir\~o- 

glucosenonc ring-hystern’. at’ concluded that the substituted cqclopentadiena IS ;I~ss() 

oricntcd from “belo\\“. The magnetic similarity oi‘ the tt\o mc~ho\~ I sub\tituent:, 

(0.05 p.p.m. apart in the ’ H-n.m.r. spectrum) rndlcatc~ that I/IC IC‘L oglucoscnc~~~e 

molecule is attached UM/O to the norbornyl ring. ivrth the mctho\!I group\ III similnl 

environments. In addition. molecular mo~lcls she\, that cons~derahlc \tcric hlniirance 

results when the le~oglucc~nonc molecule IS attached 111 the r’1.0 po\iti~~n. ‘Thcreforc, 

it is reasonable to as5uine that the Icvoglucoscnnnc ik atlachcd to lhc substituted 

norbornyl ring in the ~WJO position. 

Tlillc osidution of 2. ~- On treatment of 2 with nl-chlot-operouqbrnr.oic acid. 

the X,9-epoxide 5 was produced In 86”,, yield. An X-lay ci.ystallogr~ipliIc study con- 

tirmed its structure. as ncll ;I\ that” of 2. The ‘H-n.m.r. assignments. and selected 

coupling-constants. of this compound arc given 111 Tables I and II. 

Hydrolyslb of norbornyl cpoxidrs with ac~d had led to rearrangement ~itr 

nonclassical-ion formation’ “.’ ‘. To dekrminc \+hether thic rcarrangcment occurs 

with the substituted norbornyl epoxidc 5, it was h>drolyzcd \\itll acid Follo~rng 

hydrolysis. t.1.c. indicated only one product, namei). 6, which \\a\ l~ol;ltcd in -i!,“,, 

yield. Its i.r. spectrum contained bands at 3387 and 3327 cm ‘. 5hciwlng the pacncc 

of hydroxyl functionality. ho\\cver the ?\pccted band due tcr carbon>1 stretch WB> 

absent. Drciding models sho\~ecl the pnsGb]lity 01 hcmiacetai formntion betnrcn 

C-2 and an UK/O hydrouyl group on C-9. The coupi~ng constants c)l’ lrcu/.s protons 111 

norbornyl systems is on tllc order of 2-5 Hz, \\,hcreas that for ,l.\ protc>ns I>“,‘~ 

in the range of &IO Hz. K<) nbser\,ablr coupling between H-X and H-0 V,:IS detected 

in the ’ H-n.m.r. spectrum of6. indlating that the proton:, art‘ III the mm orientation, 

M’lth the strain of the added ring changing the cc~nformatron of the n~~rbornyl UIII~ 

enough to ehmmate cvcn small cciupling betkvoen H-X and H-9. The gc>minalIy coupled 

protons, H-l I.v.I.u and H-l Itrr7ti. \berc radily asGgncd, climInatlng thks pobsibllit> 

of a rearrangement’s having occurred. I’hcrc i\ ;I consider-able tf~iTci-mce in the 

’ H-n.m.r. shifts of H-l Irr17ii and H-l I.SJ’II (0.57 p.p.~n. )., lndicatlng ;t &shielding eft;cr 

of the ~YO 9-hydroxyl group 011 H-l 1,s.~~. This I> an interestin g moIcci~Ic. containing 

live fubcd rings, and f’unctlonalit> ~hr-ough which it rna)~ lx Uur-thcr III~~~IGL\~. 

The X.9-r,i.s,e.\-o-din1 was also synthesized from Ihe all~enc 2 LISII~ osmium 

tetraoxtde as the oxidizing agent in I : I molar ratio. After ;tddltioo (),I‘ the o\tnium 
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tetraoxide to 2, the black solution resulting was stirred for 2 h at room temperature. 

Cleavage of the osmic ester was accomplished with hydrogen sulfide at roomltempera- 

ture, and the cis,exo-diol 7 was isolated in a yield of 74%. The formation of cis-exo- 

dials from the osmium tetraoxide or permanganate oxidation of norborneneroJ4s’ 5 

is well established, and the value of J8,9 for 7 (5.9 Hz) is on the order of that measured 

for cis protons in a norbornyl system”*r3, as mentioned earlier. 

HoBoH f$ 
HO 

6 OH 

7 

The oxidation of the double bond of 2 was attempted in another experiment by 

using the method of Akashi et aLI6 where osmium tetraoxide was utilized in a catalytic 

amount, with tert-butyl hydroperoxide as the oxidizing agent, and acetone as the 

solvent. After ether extraction of the reaction solution, t.1.c. showed the presence of 

a major product (R, 0.14). The ether extract was dried (anhydrous sodium sulfate) 

for 72 h, and t.1.c. then showed the disappearance of this product, and the appearance 

of a new one (RF 0.59). The major product, 8, isolated in 19 :/, yield, crystallized. 

The i.r. spectrum of 8 contained no O-H stretch, and high-resolution mass spectro- 

metry indicated a mass higher than that of the expected cis dials. After examining 

the chemical-ionization, and high-resolution, mass spectra, and the rH- and 13C- 

n.m.r. spectra, it was determined that the isopropylidine derivative of the exo, cis- 

diol 7 had been fortuitously formed. Although the expected diol must have been an 

intermediate, the solvent acetone, which was extracted in the diethyl ether, reacted 

with the diol under the dehydrating conditions. 

Grignard additions to levoghcosenone. - Nucleophilic addition to Qunsatur- 

ated carbonyl compounds generally occurs at the /, position, and this holds true 

for the a&unsaturated system of levoglucosenone 3*4,9 However, nucleophilic attack . 

on the carbonyl group, as well as on the C = C bond, can be accomplished by Grignard 

reagents, and the 1,2 and 1,4 methylGrignard additions to levoglucosenone have been 

reported’. The addition of long hydrocarbon chains to levoglucosenone by this 

technique may be used to produce compounds that have potential as non-ionic 

surfactants. To this end, I-bromotetradecane (C,,) and I-bromooctadecane (C,,) 

were used for preparing the corresponding Grignard reagents, which were allowed to 

react with levoglucosenone. The expected product, 9, from 1,2 addition of the former, 

was obtained in 20% yield. Its i.r. spectrum contained the band of an O-H stretch, 

at 3421 cm-‘, and lacked that for C = 0 stretch. The IH-n.m.r. spectrum of 9 showed 

a broad, 26-proton signal from 1.20 to 1.56 p.p.m., a singlet at 2.46 p.p.m. which 
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was exchangeable with deutcrium. and two vinyltc protons. A mayor by-product \vas 

octacosane, formed by Wurf7 coupling of the Grignard reagent wtth the brnmo 

compound’ ‘. 

R-MgBr -t- Br-R-+R-R -t MgBr, 

Product 10, obtatned b> reaction of Icvoglucoscnone ~\tth the Lrt.~nard reagent 

from I -bromooctad~canc. was lsolatcd I II 1 I ‘I,, yield. 

In an attempt tcr lessen Wut-tz coupling, CL one-step metl1od uttltzlng Ull\)l- 

lithium rertgcnts Ix instead of Grignard reagents \\;I\ inwsltgstrd. When I-brotiin- 

tetradecanc wns uwd. the rcactton could not be intttnted. c:\ en 13~ viyomus reiluGng 

and addition of a drop of mcthql iodtdc as an initiat~~t- lisin, I’ 1 -l~ron~oilccane h) thts 

method produced the dc\trcd product. 1 f, but the y~cld \\as only lo”,,. and the Wut tl- 

coupled by-product. ctco~anc. was produced. 

As already reported I. the reactton of a methylGrignnrd rcagcnt with Icvo- 

glucosenonc gave a major. branched-chain product which 1% as asstgncd the n-t~:r’rl~r o 

configuration. Ho~+cver, in the hydride reduction of Ic~oglucosrtnono. attack of the 

reducing agent occurrod mainly at the carbony group. to gtve the :Illyltc alcohol 

having” the II-~lwco cunfigur:tt~on. The quaternar> center at C-2 tn the branched- 

chatn products precluded the use of coupling constants tu dctcrmine the conliguration 

of products 9 through 12. Ho\vwer, we tcntatl\ ely as~p the t)-rl7~0~ configuration 

to the products 4 through 12 by ~unalogy lvtth the ii~drtde-reduction products T’hiy 

ts consistent with attack of the Grtgnarct reagent (or ~tl!iylltthiuni r‘cagont) from the 

less-hindcrcd side of the cat-bony1 group of Ic~oglLtcosznonc, itnil If thiz I> w. ihc 

Gt-ignard addttion prodnctc previousI\/ rsported \huuld :11w ha\&, the t)-tl~~t:~~ 

configuration. 

Tile o.~id~rtiott 0J 4. To increase the hydrophilic nature 01‘ lhe Crignard 

addition-product 9, ~1 3,-t-cYJ-cl~ol groupmg was introduced by using obnitttm tctrao\idc 

III the molar ratio of I : 1. The expected product. 12 ohtalncd in ‘7 “,, 1 icld, LV;L~ :L 

\\hitr, waxy solid. The c~i~rw configuration ~+as asslgncd to 12. bascJ c1n ;I comparison 

of the 1 t-l-n.m.r. spectrum of 12 to those of 1~0-3iili~dro-/l-t~-;tltr~~p~-r;i~i0~~ (13) and 

1 .(,-anhydro-l,‘-I,-t~lopyr~il~)s~’ ” (Id) (see Table II I). The dtfferencc III the chemical 

shifts of H-6cwlo and H-ht.\ro arc small for both 12 ;tnd 13. :~ncl. l‘c)r- 14. the avisl 

hydroxyl group deshtelds I-l-hew’o. resultin g in a 0.70 p.p.m. diffc’rcn~*c bctwcen the 
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TABLE III 

SELECTED, IH-N.M.R. SHIFTS(~) AND COUPLING CONSTANTS (Hz) FOR COMPOUNDS 12-14 

H-l 5.12 5.30 5.24 
H-3 3.58 3.58 4.09 
H-4 3.74 3.88 3.87 
H-5 4.46 4.59 4.36 
H-6e.w 3.68 3.74 3.58 
H-6endo 3.61 3.14 4.28 
J3.-1 5 3.8 4.5 
JO 2 2.5 4.0 
J5,fiU 5 4.5 5.0 
JS.Gt%dO 0.9 0.8 0.8 
J~ezo,~endo 7.1 - 1.5 

12 

_ 

1319 1419 

protons on C-6. In addition, the coupling between H-4 and H-5 of 12 (J4,5 2 Hz) is 

consistent with the axial-equatorial coupling found for the u/fro configuration. This, 

again, is consistent with the trend of stereospecificity induced by the 1,6-anhydro 

ring, which directs attack on the levoglucosenone molecule to occur from “below” 

the plane of the pyranose ring. 

EXPERIMENTAL 

General. - All t.1.c. assays were conducted on Baker-flex silica gel IBZ-F 

(J. T. Baker Chemical Co.), and detection was achieved by U.V. absorbance, or by 

spraying with 1 : 2 : 37 anisaldehyde-sulfuric acid-ethanol and heating. Silica gel used 

for column separations was supplied by E. Merck (silica gel 60; 7&230 mesh, ASTM). 

‘H-N.m.r. (90 MHz) and ‘3C-n.m.r. (22.5 MHz) spectra were recorded with a Jeol 

FX-90Q instrument; 360 MHz, ‘H-n.m.r. and 90.6 MHz, ‘3C-n.m.r. spectra were 

recorded at Colorado State University. Infrared spectra were recorded with a Nicolet 

MX-1 instrument, and mass spectra with a Varian M.A.T. III spectrometer, except 

for high-resolution and chemical-ionization mass spectra, which were recorded at the 

University of Nebraska, Lincoln. 

Reaction of levoglucosenone with cyclopentadiene to give compounds 2 and 3. - 

The [4 + 21 cycloaddition reaction of 1 with cyclopentadiene was performed as 

reported previously’. Levoglucosenone (2.0 g) was heated under reflux with dicyclo- 

pentadiene (15 mL) for 1.25 h, and column-chromatographic separation of the 

products yielded 2 (0.63 g, 21 %) and 3 (0.11 g, 3x), i.e., in the ratio of 7: 1. 1.r. data 

for 3: vale’ 3020, 2812, 2720 (C-H stretch), 1721 (C=O), and 1119 cm-’ (C-O-C). 

Anal. Calc. for C,,H,,O,: C, 68.74; H, 6.29. Found: C, 68.85; H, 6.56. 

Reaction of Ievoglucosenone btlith 1,2,3,4-tetrachloro-5,5dimethoxyyclopenta- 

diene to give 4. - Levoglucosenone (0.35 g, 2.8 mmol) was heated under reflux with 
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1,2,3,4-tetrachloro-5,5dimethoxycyclopentadiene (0.73 g, 7.X mmol). After several 

minutes, the solution was black, and heating was discontinued. T.l.c. showed the 

absence of starting material. The black material gas passed through two columns 

(5’ x 1 IO mm) of silica gel. the first cluted with 5 :4 acetone-ethyl acetate, and the 

second with 1 : I hexane-ethyl acetate, to remove the dark-colored impurities. All ot 

the fractions from the second column were combined. The product could not bc 

detected by t.l.c., on spraying with either sulfuric acid. or the sulfuric acid--anisal- 

dehyde-ethanol solution. ‘The solvent was removed by rotary ebaporatlon, and the 

orange oil remaining crystalllred immediately: yield of crude product, 0.7-l g (08 ‘I,, ). 

Recrystallization from hexane~ ethyl acctatc atforded colorleas ncedleh having m.p. 

1~4-1~5-~ v”’ 2951 (C~-H stretch). 1732 (C-O). 1611 (C-C). and 1300 cn-’ - - ’ “I.,\ 
{C-O-C); ‘H-n.m.r. (360 MHz, CIXI,PMe,Si). SW Tables 1 and Il. 

Anctl. Calc. for C,,H,,CI,O,: C. 10.03: H, 3. IO: Cl. 36.30. Fnund~ C, -lO.C)8. 

H. 3.71: Cl. 36.18. 

Osiciariott of 2 with rn-c~hlorof)r~~o.~~~b~t~~~~ii, ctcirl to siw 5. 

2 with nl-chloroperoxybenzoic acid yielded 5 in 86”,, yield”. 

The reaction of 

Acid h_whvl~~sis oj’epositir 5 fo give 6. To a solution ot‘ epoxide 5 (0.12 g. 

0.57 mmol) in oxolane (THF; 5 mL) was added 35mhr H2S0, (I? mL). The solution 

was kept for 72 h at room temperature, HaCO, was added to nctrtralize the acid. 

the solid was filtered off. and the filtrate concentrated by rotary r--\aporatlon. Colorless 

crystals of 6 (0.64 g. -19”,,) were precipitated: m.p. 223--/X ; r~,~~{ 33XI. 3325 (0 H 

stretch), 1937. 2933 (C-~-H). and 1098, 1017 cm ’ (C 0). ‘H-n.m r (360 MH7 

acetone-cl,-Me,Si): see Tables 1 and II: also (i 2.83 (m, OH. w;-! 7 Hz). <I,., J 9 Hr. 

Anal. Calc. for C,,H,,O,. C, 58.40: H. 6.23. Found: C. 5S.i’): H. 6.31. 

Oxidation qf’2 \c,irfi osttriwtt trtrrio.uitle fo piw 7. To a scjlution ~~t‘compound 

2 (0.83 g, 3.8 mmol) in 1 .+dioxane (IO mL) was added a solution of osmium tetra- 

oxide (0.94 g, 3.7 mmol) in 1 .I-dioxanr (75 mL). The solution immrd~ately turned 

black: it was stirred for 2 h at room temperature. and then H,S was bubbled through 

the solution for 0.5 h. and the heavy, black precipitate wab remo\,cd by filtration. 

T.1.c. of the filtrate with 5 :4: 1 acetone .othyl acetate-.H,O showcti one product 

(R,- 0.79). The filtrate was evaporated, yielding white crystals of 7 (0.(32 g. 7-F”,,). 

which were recrystallized from hot EtOH; m.p. 17% I80 ; \*k,y; 34?<) (0 H stretch ). 

2965 (C-H). and I723 cm ’ (C=(I): ’ H-n.m.r. (360 M HL. acctonr%-tl,, Mc,Sl): SW 

Tables I and II; afso. ci 4.18 (br s, 1 t-1. OH) and 2.89 (hr s, I H. OH ): J,, ,,,,,,,,, 1.6 t-l/. 

And. Cab for C,,H,.05: C, 58.-!0; H, 6.23. Found: C, 5S.23: t-1. 6.4-l. 

T/w osntium [tfrrro uirl~J-c,rrtal~,_‘,c/ o.yidafiott c!/’ 2 to xi,,c 8 -rt-te method of 

Akashi rf NI.” was used for this procedure. Compound 2 (0.70 g. I.0 mmol). tetra- 

ethylammonium acetate (0.5? g, 0.20 mmol), tc)ft-butyl hydroperoulde (90+ ‘I,,: 0.22 

mL, 3 mmol), and acetone (20 mL) \\ere mixed and the resulting scjlution cooled in 

an ice bath for IO min. A solution of osmium tetraoxjdc (0.56 g) in tc*rr-butyl alcohol 

(110.5 mL) and rerf-butyl hydroperoside (90 + I’,,: 0.55 mL) ~'3s prepared. and 0.1.3 

mL was added to the acetone solution. The color of the solution immediately turned 

a light tan: it was stirred for I tl in an ice bath. and then for I6 h at room temprraturc. 
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retooled in an ice bath, and ethyl ether (25 mL) and 10 % aqueous NaHSO, (5 mL) 

were added. The mixture was stirred for 0.5 h at room temperature, and the organic 

layer washed with two IO-mL portions of saturated NaCl solution, and dried (an- 

hydrous Na,SO,). T.1.c. with 1 : I hexane-ethyl acetate showed the presence of a 

major product at RF 0.14, and two minor components, at RF 0.41 and 0.71. However, 

after drying for 48 h, t.1.c. showed the disappearance of the product having R, 0.14, 

and the appearance of a new spot, RF 0.59. The ether was evaporated under diminished 

pressure, and the resulting yellow oil placed on a column (24 x 190 mm) of silica gel, 

and eluted with 1 : 1 hexane-ethyl acetate. The product, R, 0.59, readily crystallized 

from 1 : 1 hexane-ethyl acetate, yielding 8 (43 mg, 199;): m.p. 183.5-184”; v:f; 2900 

(C-H stretch) and 1730 cm-’ (C=O); ‘H-n.m.r. (360 MHz, CDCl,-Me,Si): see 

Tables I and II; also J9,11syn 2.0 Hz; 13C-n.m.r. (90.55 MHz, CDCl,-Me,Si): 6 24.0 

(C-13anti), 25.1 (C-13syn), 33.5 (C-l I), 41.0 (C-lo), 43.7 (C-7), 45.1 (C-4), 46.9 

(C-3), 71.7 (C-6), 74.0 (C-5), 78.2 (C-l), 100.1 (C-12), 114.0 (C-81, 132.9 (C-9), 

and 201.3 (C-2); high-resolution e.i.-m.s. : m/z no M t . 25 1.09 (M? - CH j , 100 %), 

0 
II 

223.10 (M+ - CH, - C., 51 %), and 247.99 (Mt - H,O, 5.2%); c.i.-m.s.: m/z 

267 (MH+, 9.4x), 251 (Mt - CH,, 10.3”/,), 237 (M+ - CHO, 9.7x), and 209 

(M+ - C,H,CO., 100%). 

Anal. Calc. for Ci4H1s05: C, 63.15; H, 6.81. Found: C, 63.23; H, 6.99. 

I,bAnhydro-3,4-dideoxy-2-C-tetradeeyl-~-o-threo-hex-3-enopyranose (9).- To 

oven-dried Mg (0.14 g, 5.8 mmol) in anhydrous diethyl ether (15 mL) was slowly 

added a solution of I-bromotetradecane (0.14 g, 5.0 mmol) in ethyl ether (15 mL). 

Initiation of the reaction was facilitated with a drop of methyl iodide. After the 

addition was complete, the solution was boiled on a warm-water bath for an additional 

20 min, and a solution of 1 (0.56 g, 4.4 mmol) in anhydrous diethyl ether (10 mL) was 

slowly added to the Grignard reagent. The solution was then cooled to room tempera- 

ture, and dilute H,SO, was added until the aqueous layer became acidic. The aqueous 

layer was extracted with ether (30 mL) and the two ether layers were combined 

and dried (anhydrous Na,SO,). T.1.c. with 1 : 1 hexane-ethyl acetate indicated 3 major 

products: RF 0.98 (octacosane, the Wurtz-coupled by-product), RF 0.71 (9), and 

R, 0.59 (unreacted 1). Evaporation of the ether yielded 1.77 g of a yellow, waxy 

solid which was placed on a column (30 x 220 mm) of silica gel, and eluted with 

1 : 1 hexane-ethyl acetate. Compound 9 was isolated as a white, crystalline material; 

this was recrystallized from hexane-ethyl acetate, to yield very fine, hair-like, white 

crystals (0.37 g, 24%); m.p. 60-61”; vi!; 3421 (O-H stretch), 2915, 2840 (C-H), 

and 1471 cm-’ (C=C); ‘H- n.m.r. (90 MHz, CDCl,-Me,Si): S 5.94 (dd, 1 H, 

H-4, J4,5 4.2 Hz), 5.57 (dd, 1 H, H-3, J,,, 9.8, J1,3 2.0 Hz), 5.20 (d, 1 H, H-l), 4.57 

(br t, 1 H, H-5, w/2 8.0 Hz), 3.70 (m, 2 H, H-6exo, H-bendo, w/2 1.6 Hz), 2.46 (s, 

1 H, OH), 1.56-1.20 (m, 26 H, CH,, w/2 2.0 Hz), and 0.84 (t, 3 H, CH,). 

Anal. Calc. for C,,H,,O,: C, 74.03; H, 11.18. Found: C, 73.90; H, 11.38. 

1,6-Anhydro-3,4-dideoxy-2-C-octadecyl-P_ranose (10). - 
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To oven-dried Mg (0.13 g, 5.0 mmol) in anhydrous diethyl ether (5 mL) was slowly 

added a solution of I-bromo-octadecanc (1.60 g, 1.8 rnmol) in ethyl ether (20 mL). 

Initiation of the reaction was facilitated with a drop of methyl iodide. When addition 

was complete, the solution was boiled on a warm-water bath for 10 mln, and a solution 

of levoglucosenone (0.60 g, 3.8 mmol) in diethyl ether (IS mL) was added to the 

Grignard reagent during IO min. The mixture was then trcatcd as before. T.1.c. with 

I : I hexane-ethyl acetate indicated the presence of tv.\o major products, R, 0.95 

(hexatriacontane, the Wurtz-coupled by-product), and R, 0.74 (10). Evaporation 

of the ether yielded a yellow, waxy solid which MX dissolved In the minimum volume 

of hexane, and the solution cooled to -- 70”. A white, waxy SOIIJ (0.20 g, I I I’,,) that 

precipitated from the hesane had m.p. 67- 68”; t,,,,,, ,ICHr 3424 (O- t-t stretch ). 7915, 2X50 

(C-H), and 1471 cm--’ (C=C): ‘H-n.m.r. (90 MHL, CDCI,mMc,Si): ii 5.99 (dd, 

1 H, H-3, J,., 7.9, J,,, IO.6 Hz). 5.60 (rid, I H. H-3, ,I,,, 2.1 HT), 5.31 (d, I H. H-l )+ 

4.63 (dd, 1 H, H-S, w;Z 8.0 Hz). 3.72 (m, _ 7 H. H-6cso. H-krrt/o. wl! 3.0 Hz), 2 54 

(s, I H, OH), 1.15 (m, 34 H, CH,, w;‘2 4.0 liz), and 0.89 (t, 3 H, CH,) 

procedure employed was adapted from the methods of Pearce t’/ (I/.’ ’ Lithium wire 

(2.00 cm, 0.88 g, 13.7 mmol. containing 0.8”,, of sodium) was cut into three pieces. 

which were placed in THF (5 mL) under an :irgon atmosphere. I_~\,oglu~os~noii~ 

(0.80 g. 6.3 mmol) and I-bromodecano (0.17 g, 7.7 mmol) were d~swlved III Tt1F 

(3 mL), and several drops 01‘ the solution were added to the lithium. Reaction ~15 

not initiated on heating to boiling under reflux, and therefore a drop of methyl lodidc 

was added. Upon initiation, the rest of the levoglucoscnone solut~nn N:~S quickt~ 

added. the color of the solution changing from light >cllow to hrw n. 4ftcr addition 

was complete, the solution was stirred for 3 h at room tcmperaturc and then the 

liquid was decanted from the rcmainlng lithium. evaporated under dimlnishrd 

pressure. and the crude product dis>olved in diethyi ether, and the solution ~,~tshcd 

with 15mM H2S0,. During this washing, a thich emulsion formed, and this was 

broken up by adding saturated NaCl solution. The aqueous I;~ycr IV:{> extracted wth 

ethyl ether (2 x 20 mL). and the ether solution and exitracts were combined. dried 

(anhydrous Na2S0,), and evaporated, aITordlng a yellow, OII \i,hich M:IS chromato- 

graphed on a column (13 x 220 mm) of silica gel with I : I hcxane-~cthql acctatc, 

yielding white, cryslnllinu II (0.17 g. IO”,,) having m.p. 50 .‘;I I~~,~~: 3114 (0-OH 

stretch) and 2915. X53 cm ’ (C- H ): ’ H-n.m.r. (90 MHz. CDCI, -Mc,Sl): CS 6.00 

(dd. I H, H-4, J,,, 4.6, ,/3.1 -9 H7), 5.60 (dd, I H. H-3, Ji.I I.7 Hz). 5.23 (br s. 

I H, H-l), 4.64 (dd, t H, H-5, JS,hr\-o 3 9 HL), 3.73 (rn, _ 1 H, H-k.\-o. H-h~nt/o. w :! 

-3 Hz), 9.50 (s, 2 H, OH), I.%~-1.27 (m, IX H, CHI. \v:2 5 t-Ir), and 0.X7 (t. 3 H, 

CH, ). 
.Inul. Calc. for C,,,H,,O,: C’, 71.60: H, 10.52. Found: C. 71.80; H. 10.60. 

/,6-.~nl7~,c/~u-~-C-/~~rr~~~~~~,/-p-D-~7(~.~~~ (12 ). ~- To a sol ulion of com- 

pound 9 (0.63 g, 1.9 mmol) in l,4-dioxane (IO mL) was added a holution of osmium 

tetraoxide (0.51 g. 2.0 mmol) III I.4dioxune (I3 mL). After 96 h ai room tcmpcrnture. 
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t.1.c. indicated that most of the starting material had been depleted, and 1 : 1 ethanol- 

H,O saturated with Na,SO, (20 mL) was added to the mixture. This was boiled under 

reflux for 2 h, the black precipitate removed by filtration, and the yellow filtrate 

concentrated by evaporation to a milky residue which was freeze-dried. T.1.c. with 

I : 1 hexane-ethyl acetate indicated the presence of some starting material (RF 0.71) 

and 12 (R, 0.09). Therefore, the mixture was placed on a column (20 x 110 mm) 

of silica gel and eluted with ethyl acetate, yielding 12 as a white, waxy solid (0.19 g, 

27 :“,); m.p. 71-72 ‘; vzz; 3393 (O-H stretch), 2920, 2850 (C-H), 1473 (O-H bend), 

and 1115 cm-’ (C-O); ‘H- n m.r. (acetonitrile-d,-Me,Si): 6 5.12 (s, 1 H, H-l), 

4.46 (complex d, I H, H-5, J5,6exo 5, J4,5 2.0, J5,6cndo 0.9 Hz), 3.74 (dd, 1 H, H-4, 

J 3,4 5 Hz), 3.68 (dd, 1 H, H-6end0, J6endo,bexo 7.7 Hz), 3.61 (dd, 1 H, H-6exo), 

3.58 (d, 1 H, H-3), 2.82 (br s, 3 H, OH), 1.27-l .29 (m, 26 H, CH,), and 0.88 (t, 

3 H, CH,). 

And. Calc. for CZOH3805: C, 67.00; H, 10.68. Found: C, 66.75; H, 10.49. 
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