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ABSTFUCT 

I ,6-Anhydro-3,~-dideo~y-~-D-g~~,~-t~~~-he~-3-enopyrano~-2-ulos~ (levopluco- 

senone) was prepared on a laboratory scale by pyrolysis of H,PO,-treated. Kraft 

vvnste-paper. The aldeh>de component< of the pyrolyzate \vsre removed by reaction 

with 55dimethyl-l.3-cyclohesanrdionc (dimedone), and Ievoglucosenone was 

obtained in 3.39:) yield hy distillation of the remaining material. A variety of deo\y, 

heto, and branched-chain sugars ~a3 obtained by reduction of levo~lucosrnone. and 

by its reaction with Grignard reagents under different conditions. 

IN-I-RODLJCTIOS 

Pyrolysis of cellulose results in transglycosylatioo, dehydration, and subsequent 

decomposttion and charrin_p rca:rions’-a which provide a variety of compounds. In 

recent studies. I ,6-anhydro-3,4-dideo~g-B-D-g/~,c~~f~-hc~-3-rlnopyranos-2-ulose (levo- 

glucosenone) (1) has been detected in several laboratories from the pyrolysts of 

Wllulose In the presence of acid catalysts. Various structures have been assigned to 

this compound, namely, I,S-anhydro-3.3-dideouy-/3-o-pent-2-enofuranose5 (2) and 

cis~,5~pouy-2-pentenalb (3), as ncll as the levoglucosenone structure’. The correct 
structure of this compound as being the last-mentioned H’BS confirmed in our 

laboratory through isolation and snaIlsis of its crystalline (Wdinitrophenyl)- 

hydrazone (DNPH) derivative’. 

In previous studies, 1 was isolated by preparative. gas-liquid chromatography 

of the pyrolyzate 6-b As dehydration of the D-glucosyl residues in cellulose plays all . 
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important rok in the course ofcellulo~ic fires, and as le~oglucosenonc could seme as 

an Important intermedratz for pyrol>r~c convcrsloo of the enormous amounts of 
cellulos~z L\;~S~CS into useful chemicals. lie habe in\esrigated the laboratory-scale 

production of this compound. and its conversion into several new deoxy, keto, 

branched-chain. and unsaturated compounds. 

RESIJLTS .L\hD DISCL~SSION 

Compound 1 was pre\iously produced ‘-’ from the pyrolysis of acidified 

cellulose in the tcmpztture ran,oc of 300 iti 350’. In preliminary ckperiments. S-mg 

jampIe of celluloj~. starch, rwisprinr. and Kraft paper (brown paper-bags) con- 

taining 5”b of phosphortc acid (H,PO,) \rcre pyrolqzcd at 350’ In a p,rolysls 

apparatus connected directly IO a gas chromatoprsph. The results presented in Table I 

reveal that 1 can be produced In comparsbls yields from the acid-catalyzed pyrolqjis 

of various matertal~. including starch, and ~va~te paper that contains residual bemi- 

celluloses and lignin. Thrs is in sharp contrast to the pyrolytic production of l.6- 

anh}dro-/I-D-glucopyranoSe (le\oglticojan). In M bicb the presence of impurities 

afiects the trsn~~lycos>lstion and dehydration renciions so 3s to lo\ier the yield’, and 

a high Lawurn is required for rapid removal of the product from the heated rcaction- 

zone in order to prevent further degradation’. Kraft tvaste-paper was selected as a 

readily niailable and cheap ia\\-material for the subsequent preparation of 1 on an 

rncri-ajrd scale. 

In the laborato~-scale preparation. 8 -g batches of Kraft paper Impregnated 

wrth -5’:; of HI,P04 tiers pyrolyzed under nltrogcn in a glss+tubc furnace. To 

minimize the ewess~~c decomposition of the produclS in the hot furnace-tube, a 

Io!ier temperature (275’) ~vas used. Analysis of n chloroform solution of the crude 

p>rol)zare by ,o.l.c. shoiied the presence of 1 and 2-furatdehqde as the major com- 

ponents rn the ratio of -4-I. AnaiJsis of the p>rolyzat~ obtained from the pyroI>sis of 

acldltjed cellulose, however, shoned CYI ratio of 1 to 2-fursldehyde of -8:l. The 

Zfuraldshqdz component is partly derived from dehydration of the D-glucos~l 
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residues in ceIIt.tlose’“. and partly from the dehgdratton of the pentojyl residues in the 

hemicellulose prc~ent’ ‘. The aldehyde compounds in the crude p)rolyzatc \\erc 

removed by reaction N ith 5,Wimethgl I .3-cyclohe\anedione (dimedone) in aqueous 

ethanol solution at 100’. Anal} jis of the residue by g.1.c. showed complete removal of 

2-furaldehyde along with other aldehydc impurities. 

Levoglucosenone \vas isolated by vacuum disttllstion of the aldrhqde-free 

pyrolyzate. The fraction distilltng at 5560.11.5 torr ~3s sholin by g.1.c. to contnln 

969b of levoglucoxnone: this fraction was obtained in an overall yield of 3.3O; 

(based on the weight of starting Kraft paper), and \\;is sufficiently pure for Synthetic 

purposes. The product wan a strorqly Ictorotatory liquid that furnished crystalline 

DNPH and semicarbazone derivatives. 

Reduction of 1 \\ith lithium alurntnum hydrtde in ether ~cas Stereowkcttve. 

producin: a mixture contarnin~ S-t”‘,:1 o f I .6-anhydro-3.1-didco~y-P-o-~r.l.rhro-he~-3- 

cnopyranose (1) and 8” ,I o f its C-3 epuner ( I .6-anhvdro-?.l-dtdso\~-~-D-//~~t,u-h~~-3- 

enop>rano+z. 5) Compound 4. formed in an o\rerall 1 teld of 71”t. \\a~ charactcrtzed 

by ttj 3,5-dtnitrobenzoyl dertlatibc. The conti~uration of 1 was assigned b> n m.r 

spectrowopy, klhich shotbed no spin-spin coupling bet\reen the C-l and C-2 protons. 

Tbij Ixh of coupling trould indicate a dthedral an,ole of x 90’ bet\\ecn H-l and H-2. 

which kvould be consistent \\ith a froths dtspositron for these atom3 on this six- 

membered, heteroqcltc ring 

In the presence of .SYO Pd-BaSO Ir compound 1 \\a5 readily hydroscnzted to 

give I .6-anh~dro-3.-ldideo~s-~-o-~/_l,~~~~-he~op~ ranos-2-ulose (6) tn S,F(‘,, y~cld. 

compound characterized its derivative. 

rsduction both herone ths double of gale 

1.6-anhydro-?.j-dideosy-~-D-~~~,f~~~~-he\op~frano~e (7) as an 011; thtj compound \+a3 

prepared both by lithium alumtnum hydride reduction of 6 (in 70’?b yield). and bj 

hydrogenation of 4 (in 81% yield). The reduction of6 ivith lithium aluminum hydrtde 

was also stercosclecti\c. the product mixture contatning 91”0 of 7, indicatinp that the 

saturation of the double bond did not chanse the stercoselecti\e nature oi the ltthwm 

aluminum hydride reduction. 

I Q), = 1. R; = Gb-3 6 10 

5 .=, = c-w. G;. = n 

arj, = Cd,,P, = OH 

QI?, = 13ti.s; = hle 

In addition to the new dcoq and hcto sugars. different branched-chain su,nars 

were prepared b!; reaction of 1 wtth a Gri,onnrd reagent under controlled conditions. 

Compound 1 reacted with meth~lmngnesium iodide at room temperature to gi\r the 
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1 &addition product, namely. I .6-anhydro-3,4-didcosy-2-C-methyl-8-D-erJ?rlrro-he~- 

3-enopyranose (8) in yield, of its C-2 epimer (I ,6-anhydro-3,4- 

9) and 69; of I ,+addition 
product (I ,6-anhydro-3,4-dideo~y~C-methyl-~-o-~r~,f~~f~-heuopyranos-~-ulose, 10). 
The main product, 8, VLIS isolated as an oil by column chromatography. and was 

characterized by the 35dinitrobcnzoyl derivative of its hydrogenated product. 
The reaction of I liith methylma_gesium iodidest - T8’ in the presence of11S’3 

tetrakis[iodo(tributylphosphine)copper(l)], (Bu,PCul),, produced mainly the l.4- 

addltioo product, IO. in 649; yield, along with 184; of the IJaddition products, 8 

and 9. The addition of the methyl group to the p-carbon atom of the a.p-unsaturated 

ketone ~‘3s stereospecific, and IO itsas the only l&addition product detected. The 

IA-sdd!tloo product ~8s Isolated by column chromatography as an 011, and ‘cvas 

characterized by its DNPH dcrivntiie. The configuration of this product was assigned 

from its n.m.r. spectrum, si hich showed no spin-spin coupling bstwren H-4 and H-S, 

indicatin,o a tram disposition betiieen these protons. 

The Grignard reaction of 6 acd methylma,onesium iodide at room temperature 
was not stereosrlecri\e. The product mixture contained almost equal amounts of 

I ,6-~nhydro-3,~didec7uy-2-C-methyl-8-Dose (11) and 1,6-anbydro- 

3,4-dideo\y-2-C-mcthpl-P-D-rhr~o-heuop~ranose (12) as oils that were not clearly 

resollsd by column chromnrography. Ho\\e\*er, these t\\o compounds could be 

cbnracterrzcd by their 3,Sdinitrobenzoyl derivatives, respectively prepared from the 

early and late chrnmatographic fracrions. The configurations of compounds II, 12, 

and 8 were determined by n.m.r. qxctroscopy with the aid of s lanthonide shift- 

resg(:nt. 

.Itza~_wical ottd sqararion nwthods. - hlelrin_g points were determined in a 

Fisher-Johns meltq-point appararus and are uncorrected. Optical rotations were 

determined Hith a Bendix hlodel I I69 automatic polarimeter. N.m.r. spectra were 
recorded uith a Vsrian Ehl 360 60-XiHz spectrometer, using tetrametbylsilanc as 

the internal reference-standard. 1.r. spectra were recorded with a Beckman IR-33 

jpectrophotometcr. G.1.c. of the reacrion products was performed in a Varian hlodel 

1800 gas chromatograph having ;1 Bame-ionization detector, employing nitrogen 35 
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the carrier gas. A column (3.66 mx 3.17 mm o.d.) of 3 -O/o of Carbowav 2Ohl on 

Gas Chrom Q (IOO-I20 mesh) was used for separation. The chromatographic peabs 

were quantified with an Autolab Model 6300 digital integrator. Column-chromato- 

graphic separation of the reaction products Has performed in a column (I .5 cm o-d. x 

40 cm) of silica gel, with toluene as the eluant. Thin-layer chromatography (t.1.c.) 

was conducted on silica IB-F (Bakerflex) chromatographic sheets. using 2:I ether- 

pentane. Elemental analyses were performed by Galbrnirh Laboratories, Inc. 

Screening of d@erent substrates. - The yields of 1 from the pyrolysis of micro- 

crystalline cellulose, corn starch, inked netssprint, and Kraft paper (brown paper- 

bags) were determined. The newsprint and Kraft paper were first pulverized in a 

Wiley mill to a powder (~20 mesh). All of the powdered materials were then soaked 

in an aqueous or tetrohydrofursn solution containing Yb of H3POa (based on the 
weight of the material). The solvents \\ere removed, first in a rotary evaporator under 

diminished pressure, and then in a vacuum desiccator below 50’. Tbe dry materials 

were stored under anhydrous conditions. 

Accurately weighed, h 5-m_e samples of the acidified substrates uere pyrolyzed 

at 350” in a modified, Perkin-Elmer pyrolysis unit connected dtrectly to the carrier-gas 

stream of a QSS chromatograph (for the quantrtatlve determmatton of the pyrolysis 

products). 

Laboratory-scale prqaration of levogfucojenone (1). - Batches (S g each) of 

acid-treated, Kraft paper were pyrolyzed in a tube furnace preheated to 273’, under 

a nitrogen flow-rate of I liter.min-‘. After 5 10 min (when the evolution of volatile 

compounds was almost complete), the system was cooled to room temperature. and 

the condensed products were washed out with chloroform. dried (hlgS0,). and 

evaporated. The combined, crude pyrolyzatz (18 2) obtained from 308 g of substrate 

was dissolved in 50ab aqueous ethanol (70 ml). The solution \~as treated \tith 1 drops 

of piperidine and dimedone (4 g), and heated on a steam bath for IO min. The 

bijmsthone derivstikcj of the aldehyden precipitated on cooilng. and wcrz removed 

hi filtration. The filtrate Has concentrated, and the aqueous concentrate was extracted 

with chloroform; the extract Has dried (hlgSO,), filtered. and cvaporatcd to dryness, 

nld the residue \\as distilled at I.5 torr. The fractton collected bctiveen 55 and 60’ 

yielded 6.5 g of a light-yellow liquid (3.39; by weight) containing 9695 of 1 (as shown 

by g.1.c. analysts); [,x]b6 -458” (c 3.97, chloroform), lit.’ [a];’ --MO’. The DNPH 

derivative of the product had m.p. 21&215”, lit a m.p. 214-21s’. 

The semicarhazone prepared by reaction of the product (0.5 8) with semi- 

carbazide hydrochloride (I .O g) and sodium acetate (I .S g) in water (IO ml) had, after 

cryslallization from methanol, m.p. 223-226’ (dec.). &z]A6 - 241” (c 3.99, I: I pyridine- 

acetic acid). 

Anal. Calc. for C,H,N,O,: C, 45.90; H. 4.95; N, 33.91. Found: C, 1576: 

H, 4.83; N, 23.02. 

/,6-~n/l~dro-3.4-di~~o.~~~-~-D-e~thro-hex-3-enop~~ratlose (4). - A so!ution of 1 

(0.797 g, 6.33 mmol) in dry ether (16 ml) was added dropwisc to LIAIHJ (0.2-K) g) In 

dry ether (20 ml), and stirred for I h. The excess of LiAIH, was then decomposed by 
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careful addition of ivater. The mixture was diluted wirh methanol, filtered through 

Norit, and the filtrate evaporated, yielding an oil (0.711 g). The g.l.c. analysis of the 

011 before and after trimethylsilylatron shoibed it to contain S-l’% of 3 (749’0 yield), 

8q)o of its C-2 epimcr 5, and S9; of a product that did not form a trimethylsilyl 

derivative (indtcsttng the lack of a hydroql group). The i.r. spectrum of the oil 
sho\red a broad, hydroxyl band at 3XKlcm- ‘, but no corbonyl absorption band. 
Compound 4, isolsrzd by g.1.c.. had a n.m.r. spectrum that shobved that there was no 

spin-spin coupling betl%een H-l and H-2, the&y confirming the asstgned con- 

figuration. 
Compound 4 was characrerized bq’ the 3,5-dintrrohenzoyl derivative obtained 

from the crude proII;uct: m.p. I%-l6O’, [x]z + 12.3’ (c 4X?, chloroform). 
.-lnal. Calc. for C,,H,,,N,QB: C, AS.46; H, 3.13: N, 5.69. Found: C, 48.34: 

H. 3.05: N. 8.12. 

1,6-.~~l~_~~dro-_~.~-did~~o.~~~-~-~-~1~cr:ro-I1e.~op~~ru~~os-3-~rlose (6). - A solution of 1 

(0.787 g. 6.X mmol) in ethyl acetar? (25 ml) was hydrogenated for 4 h at I atm. in 

the presence of I .6 g of 5’10 Pd-BsSO,. After removal of the catalyst and tbe solvcnr. 
thiz yielded 0.677 g (SSOL) of 6 as an oil. The i.r. spectrum shoi\ed strong absorption 

at l745cm-‘, but absorption In the O-l-! stretching region was absent. 
Thts compound \\a5 characterized as Its DNPH derivative: m.p. 205206’, 

[@ - 5S.J’ (c 5.14, chloroform). 
An&. Calc. for Ct2HIINIOD: C. -16.76: H, 3.92: N. 15.18. Found: C, 46.91; 

H. 3.95; N. 18.01. 

1.6- 1nl~.~.dr~~-_i),l-tiir~~~c~.~~~-~-D-ery~ hro-lrexo~~wnose (7). - 4. BI- hJ&ogznatiotl 
of4 Hydrogenation of A (0.2!37 g. 2.23 mmcll) For 1 h 31 1 atm ia the presence of 

0.6 p of S?b ?d-B&O, > ielded 0.213 g (S4’: t) of 7 as an oil, H bich ~3s characterized 

bq its 3,5-dtnitrobenzoyl dertvattie: m.p. 165167’, [,x]z -90.2” (c 5.32, chloro- 

form). 

Ana/. Cslc. ior C,,H,IN,OB: C, 48.16: H, 3.73; N, b.64. Found: C, 48.56: 
H. 3.78; N. 8.5-l. 

B. B_r re&rcrron q/ 6. Compound 6 (0.677 g, 5.29 mmol) was reduced with 

LiAlH, by the method dcscrikd For the preparation of 4. lieldjng 0.528 g of an oil 

lvhich contained 919b of 7 (70s; yield), and zave a 3.5dinitrobenzoyl derivative 

having m.p. 165-167’: mixed m.p. with the product described in A. 165-167”. Tue 

configuration of 7 was found to be the same as that of 4. 

1.6-..-1ni~~~~fro--~,I-did~~o ~_~.-2-C-~nrrl~~~i-~-~-~~thro-ke.r-3-enop},ra~loje (8). - A 

rolution of 1 (0.5 g, 3 mmol) m ether (10 ml) was added dropwise at room temperature, 
in a nitrogen atmosphere. to a jolution of hlrhlgl breparzd by the dropwise addition 
of hlel (3 g) to hlg (0.5 9) in ether]. Theexcess of the Grignard reagent was decom- 
posed by careful addition of water. The mixture \yds then thoroughly extracted with 

ether, the extract was dried (MgSOd), decolorized (Norit), and filtered, and tbe 

Gltrafirc evaporated under vacuum. yielding 0.350 g of an oil that contained 71 O/b of 8 
(5696 yield), 79t of its C-2 epimer 9. and 8 oh of 10. Separation by column chromato- 
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graphy gave 0.289 g (5 i? k) of pure S, characterized by its hydrogenation product 1 I 

as described later. 

~,6-~t:~t~firo-3,3~didro~~~4-C-tt~~~fh~~f-~-~-erqthro-hesop)~rattos-~-tr~ost~ (IO). - 

A solution of 1 (1 g. 8 mmol) and (Bu,PCul), (0.0392 g. 0.1 mmol: prepared by [he 

melhod of Kauffman and Tcter”‘) in ether (I 5 ml) was added dropM&e at -78’, 

under a nitrogen atmosphere, to a solution of hlehlgl [prepared bb the addition of 

hlel (5.65 g) to hlg (0.96 g) in ether (75 ml)]. The solution ~vas then stirred for 30 min. 

and the excess of reagent 1~3s decomposed by c3rcful addition of a saturated solution 

of NH,CI. The mixture tvas then extracted \ilth ether, and the ewact was dried 

(hlgS04). decolorized (Norit), and filtered. and the filtrate evaporated, ~ieldlng 

Cl.93 g ofan 011 rhnt contained 78”; oflO(64’; yield). l5’?0 of& and 71’~~ of9. Column- 

chromatographic separation of the mixture gsic G.501 g (-I-l?;) of pure 10. The n.m r. 

spectrum of 10 sholvcd no spin-spin couplinp belwecn H-4 and H-S. establishing the 

lrotts disposllion dt C-l nnd C-5. 

Compound 10 was characterlxc! by iI> DNPH dsrl\ntl\c: m.p. 215-216’, 

Ix]2 - 150’ (r 3.53. chloroform). 

.4ttd. Cnlc. for C,,H,.N,O,: C. 4S.45: H. 1.35: N. 17.3s. Found: C. 4Y.27: 

H, 4.33: N, 17.59. 

/,6-.-1ttit~~dro-_~.1-~~tl;~~~uy~-,’-C’-tttc~h~~l-~-~-er?, thro-kc~.ul,pI’rotzore (I I) ot)rI /.6- 

arrh~~dro-_~,~-did~~o~~~-~-C-ttzet/t~~I-~-D-Ihrtlo-lr~\-op~ rotcie (12). - The method 

dexrlbed for the preparstion ofS \%as employed. using 6 (0.8 @. 6.3 mmol). hlol (5 g), 

and hlg (0.9 2). The oily product (0.560 ,c) contained almost equal amounts of I I and 

12, as sho\+n by p.1.c. analysis. 

These compounds could not be separarcd by column chromrltography ; however. 

the 3,5-dlnitrobenzoyl derlvstivc prcp3rcd from the early chromafographic fraction 

differed from the one prepared from the late fractions. After resrystalliz~tion. the 

former had m.p. 13-LI 35”, [r]z -41.5’ (c 2.65, chloroform). 

Anal. Cslc. for C,,HIJN,Od: C, 49.71; H. 1.17; N, 5.28. Found: C. 49.56; 

H, 4.31 ; N, 8.30. 

The latter compound hrld m.p. 168-l69’, [r]F - 80 0’ (c 3 00. chloroform). 

4tul. Calc. for C,4K,,N,0d: C. 49.71: H. 4.17; N. 5.25. Found: C. 49.62; 

K, 1.15; N, 8.27. 

1 he conligurarlons of these compounds were determined by n.m.r. spectroscop> 

with the aid of rhe curopium(Il1) reagent Eu(fod),. The n.m.r. spectrum of the 

product mixture containing equal amounts of 1 I and 12, shown in spectrum A III Fig. I, 

contained two hydroxyl signals of equal SIX at 6 2.5 and 2.S. with only one sharp 

si@ at S 5.0 for the anomeric protons. In order to increase rhe concentration of one 

of [he two isomers, compound 8 wss hydrogenated and the product added to the 

solution. This increased the size of the hydroxyl si_gnnl 3t 5 3.5, as shoitn in spectrum 

B in FIN. I. Upon gradual addition of Eu(fod),. as shown in specrra C and D. the 

larger hydroxyl signal at li 2.5 shifted significsnrly, to lower field, while the other 

remained relatively unchanged. In addition, the common signal for the anomeric 

protons at I_? 5.0 was gadually separated Into two peaks. The peah rhat shifted to 
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I I 4 

PPm 6 5 4 3 1 1 0 CDm 
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Fig. I. GraduaI change in n.m.r. spectra: IA) Grignsrd reaction products of 6, conting equsl 
.arnounts or 13 and 12,; (B) akr adding the hydrogenation product of 8; (C) alicr adding Eu(fod), ; 
and (D) at the end of the addition of Eu(iod),. 

lower field was Iwgcr than that remaining relatively unchanged. Therefore, the 
compound prepzred by hydrogenation of 8 is isomer 11, which has the more 
accessible hydrovyl group. The 3.5-dinitrobenzoyl derivatives of 11 and 12 were 
identified by comparing their melting points aith the melting points of the cor- 
respondiug derivative obtained from the hydrogenated product from 8. 
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