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crystalline sample of. this compon&t .wz$$. o_b&@ 6i:: &&e~~ fra&o&ion aiid. ’ 
coluti komatograbhy -of the.cpnden@e formed &I j$oly& df&fi’&~~_c@j.i&ir@~ ‘C 

.:_:, ,. 

1.5 % df$h&p&jfi& @a. -T’e ~&~&~Ijo&t;~ a&& r~~a~&&&j~~~ &D~~)~‘&~‘$&s 1 

spectrum &t&j& for &is cryddlixki+~dd&~ :tw&g :in: && :&&$jj$&.@;~&&. 

@r&iOu& reported for 1,4: 3,6-dianhydro-a-r+l&zopj?ranose1~‘!~g~ (J);~Further;no&; 
hydro&iS of the- prodkf with acidid io~~~~~an~~..r~~~~a~~~~~~~~~~~o~~~~~~~~~,., 
which crystalli?ed in 73 ‘A yield: AlSo; ackljllatioti’ -$eId&i ~~~y&jj~~. n$~$&fare~. 
(single acetoxyl resoknce in .tkn.m.k siectruni). which,. &ter ‘V&uu&dis@l&i&~ 
gave & acceptabie elembnfaI ..bdjs&. f& ~i~_a~~&i_j,& : 3;6_di~~~~ro-,D_~~~~ 

pyranose (3). 
Quantitative andysis of the prod!cts. --- Atialysk I$ g.1.c. 6f the &d-catalyzkd~. 

pyrolyzates after gimethylsilylation revealed the presence of an~additiona%coinp&i& 
identified as 1,6-anhydro-B-D-glucopyrancjse (levoglucosan; 4). The yields obtained 
for this compound, and those for 1 aiid 2,. ar&list.ed in:TtibleI.: These datg sb&w that 
pcoduct yields were dependent upon both ~ti~‘~ubst&te:and the -py&$s‘ Eonditiotis 
employed. ~Amylopectin gave a-high& jleld of the dizr;hvdride. i. &an did -&h&e 
or cellulose. This observation parallels that made-by Garcliner?. on tb& jC+al~d 
pyrolysis of .various D-glucose derivatives. PyrolysiS..zinder --v&nun -d&rk_~ia .the 1 

yield. of 1, but increased the yield‘-of levoglucosan- (4), a$ previotilJi observed in :the 
pyrolysis of untreated cellulose lo_ Increasing the scale of .@yrolyhis from I g to- 50 .jj. 
increased the portion of the condensate not accpunted~ for by_ 1,2, and 4. The I& of 
this portion has been shown to be polymeric material‘forged from- the motiomeric 
products . l”~ll For laboratory preparations, cellulose is the-tiost..suitable of these 
three substrates because it does not froth dtiriri& p$rolysis.- .- .. -.. -. .’ -- r .. 1 . . 

Interconversion of the pyrolysis proakcts. - PyrtilySis of carbohydiateS’ irq&@es 
a series -of .con&rent and conkcutive. reactions, including tq&&o~yl@io&nd 
dehydration.-The latter reaction may produce both unsaturate@ and et&r &kivatik 

., 
--. . 

TAIXE’I ._ _.: ,, ..’ . . . ; 

PYROLXTlC PRODUC&N Oi- 1.4:3,6-D -RO-tY-GLtiCOPYR&iJSE’ (l), &VOGLti~Oti x2), :-&IX 
LEWXLUCJXAN (‘%) UNDER NlTRooEi’I AT 350” 

.- ;_ _. 
SubsZrate H3PO4 Pressure Smnple CJzw Gm~ Per&.& of Ykifiom :, 

(o/o)= weight (o/O)u demde conahsale : : .~Sub$r~e~(o/o).” ., . . . . . 
iid (o/o)= 1 2 4 _. ..1 2. . . ; 4.. -. I. . 

‘. .: 

CdiLdOsZe 
& 1 i atm. -- .- :- 1: 3y .; is .’ ;i; -. 

4; .: -_;.j 3:. I- ii: 1 ‘+i. : _:& 

CelIuie 1.5 1.5tol-r 1. '. 4i; I._. 14. :-5 : .3($ : _,-: jr.‘, I-yt:‘O;?- .: :'..4.;.::._..415 : 

CSllul& :l 1 a&n.:: -.: 50 ‘. : 38 :I_fo .. -$_ :.20 ‘_ -1 ;:l..:: 20.8. ;..;2;0 I. -1 0.1 
Amylopeczin ..g .38;.; .il- -_.:.:i3- . .._ ti..-,_~1~_~:~~~7. ..::;4;$. .: ._23,.‘- 
GXWke 1.5 1, .: lil :- 1x: -38-I -; 1, :‘: -1;2_ ‘-I $3 I_' _'j>;_,, 

._ I ., : .:_-. _. z.. 

~Pek.znt weight, based on th&tie&ht- o$substrat& j&tie o&ina.~sahpI&~~e&&ipk ‘&&ed & : 
oft&boat. eA\;icel ~~~talline;.~~~~F~ll-.po~~~:_ i --:.:_r,.,-.i,,),ci.~.~..~~~~~~~.~~~~~.~~~~~.:....~~-~, A:, :_ _z ,., -. ._(_ ; : : 



thermal analysis of 1 in thkpresknce of .$pheiyl phos&@ (Fig 
melt& of,the c$alyst at + 60” and lbf the substrate (1) ati ~-li5~, 
the&i& and ‘then exothe&c:@oc&ses betwkeh- 125‘ and 250 “: F& 
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Ilowed by. end+. 
y,. char&g took 
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place and left -25 % of residue at 35OO: As the endotherm is associated with consider- 
able weight-loss, it is most hkely.due to volatilization of.l-and& degradatiotiproducts. 
Isothermal melt-pyrolysis experiments performed at 200” showed the :exothernr to 
be associated with ~olymer&ation involving opening of the i,&anhydro linkage’ of 1. 
In the initial stages of the isothermal pyrolysis (1 to 5 mic), ,I was .showti by UC. to 
form both 3,6-anhydro-D-glucose and a mixture of oligo- and polysaccharides. pese 
components were gradually converted into water-insoluble char, the conversion being 
essentially complete after 40 min. Pyrolyzates ..obta@ed after 1 and--5 min were 
hydrolyzed, and the hydrolyzates were shown to contain 3,6-anhydro-D-glucose as 
the oniy detectable carbohydrate component, conf%min~ that the polymeric material 
was composed largely of 3,6-anhydro-D-glucose residues. 

When 1 was pyrolyzed through glass-wool coated with phosphoric -acid, 
si,@ficant amounts of levoghrcosenone (2), 24iiraIdehyde, and 5-methyl-2$uraidehyde, 
as well as unchanged 1, were detected in the .pyrolyzate -(Fig.. 3). Determination of. 
the yields of the pyrolysis products was difE&it becauseof variations in theiextent . . 

of degradation of 1, but in eight experimentsj the yields of 2. and- 2-&raIdehyde 
exceeded 10 % each, whereas that of 5-methy~~%furaidehyde~ +s Iess t&+%.-These 
results show that the dianhydro sugar1 _+. act.&.a prec~or]i?f_i~~~~~~oSen6ne (2) 
and its subsequent decom$osition-produ&s :in the’&.&&&zed py&y&. A ,giveu 
pyrolysis product may be formed by mo~&&&~ &I& route~;,ho&&r~ +nd .j& r&t&e 

importance of the foregojng pathway :in the &)duction iof-l<is : q$. h&@i:r I!! :. i- . . j:.: : -. .‘. 

As shown previcjusly; -3,641nhydiii~ ~iing~fori&kn /is &dy&d-? by-. ‘a&& .- 

reager&‘. Inthe case of acid-catalyzed productiiin.of.thi:di~h~~de.l;.~e~~_~- _ 
.: _ 
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Fig. 3. Chromatograq-from direct pyro1ysis-g.1.c. of 1,4:3,adi~~~a-~~u~p~~~(l) in 
‘t&e ~riken~ of phosphoric acid: a,: unknown-mixkk- b; 2-furaldebydq: ~,:5d~; 
-a lqroglu+enone (2); e, ~,4:3&dianhydr&a-x+xopykmse (1): .I- .i :. , .- :.: 7: _.. -. i 

_' '.: -:._. :. : 
: _- __ ~ ~..-._-::T -, '. . . 

formation -must- be offset by enhanced decompositionlin the pksence of acid, as -+e 
yields of 1 @able I) are similar to those repor%& from uncatalyzed pyroIys&?.- 

c -I&o~titAio~.~ and- subsequent degradation- of .1,4 : 3,6;-di&hydro-E-D-ghrco- 
py&n&e (1). adds a new .dimensicn _to the complexity df peolytic re&ions of carbo- 
-hydrateS~~:~s~domplex$y is’not unexpected; as.& the’&& tempc+uks prevailiug 
_during pyrolysis,.-sufhcient energy- is. available. to -overcoine’,norinal energy-bark&s 
to chitidi<~c~oi~ and rearr&gementXhus;~whiIe conversionof -1. to-levoghrcose- 
Done(i)-would appear. to.be-rather unusu~ in terms of r@ma.l c&bohy&te reactions, 

this ti$o routes GhoWn :m Scheme 1. are, ~plausib&Ander Cp~olytic conditions. Path a 
Gnvolves initial. hydrolysis to. 3,6_anhydr&D-ghtcose (shown ‘& -the aldehydo form :7), 
.2,3kGmination’ of. the: ahhydrd j ring .te. the conjugated etiol .?$’ and L~dehydr&ion: to 9 
,in_ -a’: m&mer- .&h. --documeuted -for_-aldohexoses?~,~..~d .5m+lly Cl&mhydre. rhig- 
for&a&nrfrom the pyrandse t&tomer of 9.:Pathb involvesdircct 2,3-&nikatio~ of 
the~3;6&hy& o &g to. g&the enolicinterrxiediate 10,: foUoWed~b$-a (4._-6) intra- 

__ molet&r : transgiycosylation-. ind.‘ai elimination,.‘invoi&g Ahe hydro$yl . girbup at 
C-4, Fe f~r&tion.&f +fwdehy$e ~di5-meth~I-2;furalde~yde m:thepyiolysk of 1.. 
.: iotild: &ze& at le&t in pa& via.2; as’ it has been sho&’ that these two aldehydes 
--arepr?‘~~ced.on~id~~~d.pyrolf;’sisd~2.~~.- I..;’ .: .::__-“.. .:- ,I-). . . -.. :. 

:.I .:~~e&ntly; a pro-duct isolated from the pyrolysis‘of.c@h&se ‘and shown to& a. 
..$:*~*br :of :levoglucOsen~rte~i5.~‘.~:‘:‘(2)il~~ .i~en$f+d :as 

. . . :. _I : ~$&hy+G3,+oxy+~ 
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eryrhro-hex-3-enop~~ose* (12) based on its molecular formulti. and spectral 
characteristics. In our study, it was found that -1,4: 3;6dianhydrokt-D-glucopyrknose 
(1) has identical molecular formula, i.r. and mass spectra, and similar n.m.r., m-p., 
and optical rotation to those reported for 12, suggesting that these two materials are 
identical. 

Our interpretation of the n.m.r. spectrum of-l in.,Me2SO-&is m-accord with 
those reported? for 1. in D20, and for its D-mann@ and 2-deoxy-D;arabino’ %nalogs. 
A feature common to all three diauhydrides.i~~t&ewu.mal desbklding tif H-4; the 
resonance at 6 5.29 thus corresponds t6.this pr&n rather t&k to a vinylic @#on as 
assigned15*16 for structure 12. Also, the-Ckhyd;oxyI signal (6.5.3) of 3; w&s hugely 
.obscured by H-l. and HA resonances, but’its presence was confbqned: by- an%ppro- 
priate one-proton decrease in the integrated peak-area-of ? -deutertited &unple of 1 
(prepared by dissolving 1 in D,O; evaporating the solution, anddissol~ngthe residue 
in Me,SO-d,). The difEcrilties caused by these unusual.circur&&es have-apparently 
been compounded by the presence of .vQater.in -the $!Ie&%& &,h@h g&&.a .broad 

absorption at 6 3.4; T This resontiFCe,- which .wnsiderab&’ ,ovqrlaps ~&~:~__2+.~ingle~ 
(6 3.55) of 1, had be&attributed to&e tibohydrate hj;droliyl~p~o~o~__~~:~.~ .: :...t- 

Finally;mjxed-ni.p., t.i.c., and g.1.c. .evidence-.db@ined for l!arid .&Ample .of- 
the pul&ve a co-ed aat .&me .&ro .p~~duc~~wer~.iden~~; I _-:_:l’ ;--::l: -.: ..:’ _ .- : .-- 

- _. I I .- 
: :::-- -.I. .-__. -.i. _: _ 1.. ..I,. _ : _ . . .. 

..,I. . . . .._-z- . . . . .-.. 
_:_.. ._ .- __... :. . -; . . .._ .-. ..i .,‘:y~:__ ,-.:-: . . .I. ,__ _., / _: :. .. : . . . . -.-._ . . . . ; 

*~~~.i,aanhydro_3aeoxr-B-p-sluccpLra refs..i5_17;..~~-.:..-.. i-.;.::;::., .;_;.;;._-1, :.,I __,.:_y ;y. 
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re@tired~~@r.r_iount -of phosphor@ acid. in methanol, the solvent ~v@sevapo$$d&der .- 
~.&mimsked. pressu~e’at 40°,:_and:t&e residue ci;& d&d. in~&c+at-.SQ’. A:f-i 91mi$&e: 

: ._ 

of’diphenyl.‘~ho~~~~e %nd 1,4: 3,6-dianhydro-~~D;glucopyran;oiSe -(qj +&+btained- 
bj._&@@.&.& &&pou&:tgge&~ &a m&ar;. .:~_....-.-J --‘i, __. ..::-.: .: :-:;-.:_ -::‘._ 1 ._;, 

,, 1 . -- l?j@ys& .coizditions. --Sample+(l -g) ~tiere’pyr+zed at-3500 .in a. 1 -.X’[7-cni 
al~um~foil boat, inside a 1,5&i .,(i.d.). pyrex~~ass::tube;-,whereas‘ -5-O-g’.sam&s 
-we&pyrolyzed m a 4 X 13cm ah&mum boat inside a&5&r (i.d.) pyr&g&ss tuber 
:-Therpyroiysis tube was swept either by a 200 ml.min-i~&rogen~~ow at atmospheiiti 
piessure or by a gentle stream of nitrogen.maint+ned at. a~@essure.of 1.5 toti by a. 
high4&~ p*p. Aft& completion of pyrolysis (5lniin for 1 g;. 30 mm for 50 -g); 

the-distillate -that collected in-a :wat&zooled -conden&.Was dissolved in methtiol; 
and the -mixture was filtered. The filtrate .waskevaporated to! a-synip;and the residue 
W& taken up.’ in- abs. dhanol; ‘and the .solution i%mlly : evapofated-. ti .-vatio’ at 40” 
to asyrup__ :,_. : :_ ..:: --;.:: . . :_ .-. ..‘, :;: ._~ .r_ : ;__ -. : . -. 

G.Z.c. Of the pyrolysi3 condenbztes. - Uuderivatized condensat&were a&&ed 
on :a: sta&ss-steel column [l-l m X- 4.3, ‘mm (La.)] packedwith 5 g %arbowax 
20M @PA)- on- 80-100 mesh Gas-Chrom Q, using phenyl tetra-d-niethyi-~-D-gco; 
pyrano&de as an -internal standard,. with thelinjector. at.230°; and the-:cohmm pro- 
grarnmed from 100 to :235? at. 8 “/min. Trimethylsil$lamd ~&ondensates .~(pi-epared by 
using TriSilreagent, Pierce Chemical Co.) were-analy%d on a stainless-steel column 
[I .8 m 2 2.2 .nrm (i-d. j] packed with 3 x of SE-52 on im120 mesh Gas+.i&n-Q, 
using myo-inositol as an internal standard, with the injector at 255 O;.gD;d,the column 
prog&med from iOO to 275” at So/n&r; Both analytical methods employed hyd&en 
fla&e-ioni&tion detection,. digital integration, and nitiogen as thy carrier. g@s: Coti;- 

poun&,were.identified hy comparison of their retentiontimes and g;l;ci-mass spectral 
characteris& with &ose of authentic.sdmples. I_ _ ’ .’ : -. : .. ..: ..,I : 

_, 2fZ.c. -ef Ht.+ pyrbzysis cOndensa& -i Analjs~__ were. performed -on &Ii& ‘&I 

eluted withsolven: ‘A (3 : 2 ethyl~a&tate-di&loroethane) .oi solvent-B(5 : 4 : l’aceto& 
ethyl ace&&water); carbohydrates were detected by-using an .3 : 5 : 95 anisaldehydti 
suifuric atiid_ethanol.spiai-reagent and heating at 120”1.- --- :. .’ ....:. ,. ‘. _ 

: . . i!+rniaZ &Zj& -:Thti t_g,:d.t;g., and d.ta: d&a were obtaiued as previously 
rep+*:; I:-.::;--:.‘;_... ’ ; .:--- 1 .__., :‘_. :. ‘. :. : -‘. =.:, :__ . . ....:. .:: .._:.-... 

-’ i : _@enyl- ies;ri-O-met~y~~~~~~g~*=~p~r~o~~~e. (g2.c: iniernal&&2r~; i. Purdie 
-methylationl?:::_of. $enyl /?-D-&uc.opyDiuoiide : @$@a Cheti;. Cti;) fyielde$:$: @up 

: that_ ~~~~zed’from-.a~.tic:~~id~wa~r and .tias r~$.alhzed~ from.petroleum :ethFr 
at +J_O.T.;to &Id tbe.tetiamefiiyl~eth& as~%hite needl&;m:p.-76-77: [lit.?o m.p;:7.70]; 
. . .+. I;$ : ~;~-~~~y~~~~-D~~l~~o~~~~~~~~ (l);::L _ 4. si@ixt&i of ;c&rlose (Avicel- 
mic&y&line, ‘215 g) and phosphor& a&d (1.5% by-~eight):w~~~~ol~~~~~four- 
batches.at 360-38Y’ at.115 tor$Tbe&ndensate (35:g),.~as p&i&&d.b&eeti~wa& 
aridd$.@romethaue, and, the ‘aiiueous:fraction’:wasi’~~~~o~~~d~~?~.~-~.d~~-bi 

.1 j 
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syrup (15 g); This &up Was extracted with ethyl acet&e,~.(2~~& and theY.extract-. 
evaporated to a light-broti SJTIIP (10 g) that @s .par@ou&d on -a c&@i of &I&L 
gel (150 g) .eluted with-.1 :2 ethyl acetate-light p&roleurn ether_ Fractionsj’udged .by 
t1.c; (solvent A) to contain.l~gely the dianhy&o suj&* (I$ Q.25, red-b&&j were 
combined and kvaporated to. a syrup (IS ., g) _ that -ciySt&iz& from, ethyl i a&tit& 
hexane (0.66 g).:A-further crop (0.25 g).w& -obtained.after further.chromatogtaphic~ 
fractionation of the mother liquors, affording an overall yield- of 0.5 % from~ccktlose; 
The combined- crops were treated -with activated chaicoal in got.: ethyl ..acetati and 
recrystaUized from ethyl acetate-hexane to yield the ~dianhydro ,sugar '1' as~itrhite 
crydals, m.p. 127%12S”, [aID +77” (c 1.4, ethanol), [a],, .+67? (c..&6; ‘_w.ater) 
[lit.‘:’ m.p. 127-12S”, 122-123”; 1260, [aIn f65.7”.(c 1_2;water)](Found: C, 49.8;’ 
H, 5.6. C,HsO, oak:-C, 50.0; H; 5.6 %); m/e 144’(7 %; M*),. I15 (1), -114 (4), 99 (15), 
98 (15), 97 (4), 96 (S), 95 (6), 86 (ll), 85 (ll), .73 (13),:71 (is); 70.(25),-69.(100); 
60 (15);57 (42), and 55 (10 %); eB;3365,3020,2980,-2960; 2930,2895;2870 (shoulder), 
and 1065 cm-.‘; n.m.r. (6, Me,SO-d,) 3.4 (J&O), 3;55 (s; -IH, H-2),--3.88 (d;- 2H; 
H-6,6’, J1.3 Hz), 3.98 (dd, lH, H-3, J1,3 1.2, J3,4 4.5 Hz), 4.18.(m, lH, width 6 Hz, 
.H-5), 5.3 (broad, lH, OH), 5.29 (dd, lH, H-4, J4,5 3.7 Hz), and 5.37 (d,.lH, -H&l). 
A sample of the compound. reported15-1~ as 12 had t.1.c. (solvent A) and g.1.c. 
(Carbowax 20M TPA) characteristics identical to those of 1,. and mixed m.p.. with 1, 
128-129” [lit?--1 m.p. 130-131”, [a]n. +86” (c 0.6, ethanol)]. I . . : 

2-0-Acetyl-I,4 :3,6-dianhydro-a-D-glucopyranose (3). - Compound 1 (0.16.. g) 
was dissolved in pyridine (2 ml) and acetic anhydride (2 ml) and kept overnight 
at room temperature, after which time t.1.c. indicated its complete conversion: into a 
more-mobile product. After addition of methanol- (5 .ml), the solvent was evaporated 
in vacua at 50°, residual pyridine being removed by azeotropic distillation withtoluene, 
yielding monoacetate 3 as a thin, light-yellow syrup. Vacuum distjllation (0.7 torr, 
oil bathat 120“) yielded a colorless syrup [a]b f92” _(c 1;chloroform) (Found: 
C, 51.4; H, 5.2:C,H,,Os talc.: C, 51;6;-H; 5.4%); m/e 186.(9x; M*),-156 (3), 
144 (2), 143 (12), 141 (2), 127 (I), 126 (I), 115 (5); 114 (9), 99 (2);.98 (17); 97. (7), and 
69 (100%); n-m-r. (6, CDCl,) 5.56 (s, lH, H-1); 5.21 (dd, lH, J3,4 -Ja,i -4 Hz, 
H-4), 4.60 (s, lH, H-2), 4.27 (m, 2H, H-3,5), 4.06 (broad s, 2H, H-6,6’), a&%2.12 (s, 
3H, OAc). . . . ‘. 

Hydrolysis of I,4 : 3,6-dianhydro-a-D-glucopyranose (1) td 3,6-anhydro:D-gkose. 
- Compound 1 (0.153 g) in water (7 ml) wasstirred with Dowex 5OW-X8- cation- 
exchange resin @It, - I cm3) at 97”. After.4 h, t.1.c.~ indicated complete conversion 
into a less-mobile product. The mixture c-was filtered, ‘taken to- dryness, I and the 
residue was crystallized from 1: 1 ethanol-ethyl acetate with hexanc added.to’iuci@ient 
turbidity, yielding 3,6-anhydro-D-glucose as white needles (0.125 g, 73 % j; Recrystal- 
lized from the same solvent,.it had:m.p; iZ(n21 O; [aID_ +5OO:$c~O.9; water),- [lit_?; 
m.p. 122?, [a&, -l-55”- (c 2.9, .watt?r)]; This product .did.not:de@ress _the:m.p. of an i 
authentic sample22. 

Pyrolysik of I,4 : 3,&dianhy&&a:D-gZticopyr&ose . '(1): i 12 -.& .J& pyrbly&.. 
-:- -:_.‘-.: ., 

Samples (2 mg) of a- 1:9 diphenyl phosphat& x&x-e _weE heatt$lYat,2O&%for l&i. ( : 



~3,@atihydro;Dgludose by comparison of their .Z’+ val.ues with those of .authentic 
samples. 

B. Dire& pyroZ’~&g~Z.c. Crystalline samples of 1 (l-2 mg) were pyrolyzed in 
1.5 x IO mm capillary tubes in a ‘pyrolysis apparatus interfaced directly with the inlet 
port of a gas chromatograph. -In the experiments involving acid .catalysis, a small 
glass-wool plug was placed in the open end of the capillary and coated with 1-2 d of 
85 % phosphoric acid. The capillary was heated by a surrounding wi&’ coil to 500° 
in approximately- 10 set, the temperature being monitored with a thermocouple. The 
pyrolysis eflluent was swept by the nitrogen carrier gas directly into the stainless-steel 
g.1.c. column [2- m x 2.2 mm (id.)]- packed with 3 % Silar 5CP on 80-100 mesh 
Gas-Chrom Q, with injector at 255”, and column programmed from 100 to 250” at 
lO”/min. The eluted components were identified by comp@on of their retention 
times and g.l.c.-ma& spectral characteristics with those of authentic samples. 
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