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THE ACID-CATALYZED DEHYDRATION OF 

I-BENZYLAh’lINO-I-DEOXY-D-~~~L~~-PENTIILOSE, 
I-DIBENZYL~M~~~O-I-CEC~~-D-FR~~CT~~RONTC ACID. AND 

D-GLUClJRONIC ACID* 

ADSTRACT 

Thrti compounds. I-h~nz~lamlno-I-deo~~-D-f~~~~~-pentulo~e (1). I-dlbenzgl- 

nmlno-I-deo\y-D-fructuronlc acid (2). and D-glucuromc acrd (3) i!ere comerted Into 

7Juraldeh~de In acldllied trltlated \\atsr In the latter s>srem, the Z-furaldeh~ds 

denied irom I contatned l3’b of the dctlwty of the solkent at the aloeiljde carbon 

and go’ ,O at positions 3-5 of the furan ring. that from 2 contalned 690 at the aldehgdc 

carbon and 7-9X at positrons 3-S. and that from 3 contalned 18% a’ posItIons 3-5 

In deuterlum cwde, the Xulaldehyde derived from 1 contained ia atom 9b of 

deutcrlum at posttlon 3. 59; at positIon 4, and 090 at posttton 5 That from 2 con- 

tamed 50% at position 3, -I-IV: at pobltlon 4, and 713 at posItIon 5 Thai from 3 

contained 35?0 at posltlon 3. Ijo, at position 4. and 5% at posrtton 5 The data for 1 

are dIscussed relative to pnor data on Incorporatlorl collected for O-\>lo-e In- 

corporatlon data for both 2 and 3 ale qualitatl\ely conslsteot \\lth a decsrbo\slatlon 

step Involwn,o a ,!I.y-unsatursted. carbo\yl:c acid Intermediate A mech3nlsm for the 

decarboi) latton of he\uronlc acids IS presented 

II’IlRODl_ICllDh 
, 

Earlrer Horh I 13 thrs laboratory has lnvolxd studw on rhe mechanism of 
JehjdraLlon of various bugars and den\atl\eb lhereoi by means of Isotope-ewhange 

experiments By conlerbng a sugar Into the appropriate dehgdraaon product In 

IsotopIcally labeled Hater (either acldlfied deurenum oxide or IntInted \\ater) and 

then measunng the dlstnburton cf carbon-bound Isotope In II, 11 has been po~ble IO 

drstlngulsh between vartous mechamsms currently under consideration The present 

study Invohes hlrnllar experiments on Amsdon products dertved from D-\bloje 

(I-benzplamrno-I-deouy-D-lhreo-pentuiose, I), and from D-glUCUrOnK acid (I-dl- 
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beozylamlno- I-deoxy-D-fructuromc acid. 2), and 011 o-glucuromc acid rtself (3). In 

earlier experiments wth hexoses and Amndon products derived from them, both 
classes of compound were found CO give nsz to 5-(hydrouymetbyl)-2-furaldebyde on 
treatment wth acid” For the three compounds under conslderahon here, slmllar 
results were obsened, namely, all gve nse in strongly acldlc me&a to 2-furaldehyde 
as rhe maJor debyhtlon-product 

In the cast of D-@ucuromc acid, and. presumab!y, Amadori products dewed 
irom It the reactIon Involves a decarboxyiation step, and C-I of rhe acid corresponds 
to the aldehbde carbon of 2-furaldehqde 3 In spite of the many earlier studlesc7 on 
the dehydratron and decarbouylatlon of hevuromc acids, the precise mechamsm for 
the reacuon 1s still obscure 

Aner’ has prewously shown that, for hexoses and Amadon products derived 
from them. rhe mechanism for the dehydration reacuons are kery slmllar (Chart 1) 
Thus. the r?madon product (4) undergoes I,knohzat~on to 5, w&h then undergoes 
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jkllmlnauon to _pr\e 6, which. on hydrolysis of the arrune substiruenc, IS conwzrtea 
mto the enollc form (7) of a 3-deouyglycosulose intermediate (8). Either 7 or S then 
loses a further molecu!e of water to sve 9, wkch IS then converted Into the appro- 
pnate l-furaldshyde Eudsnce for rhis mechamsm stems from the ljolatlon of both 7 
(ref 9) and 9 (ref. IO) (R = -CH,OH) from acid-treated soluuons of D-fructose as 
tvcll as from “&fructose glycme”‘, an Amadon product. Although other syslems 
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have not been eutensl\cly mvcstl~ated. rt seems hkly that other sugars are dehydrated 

via the same pathways 

RESL’LIS 9ND DISCUSSION 

The experiments mvolved borh deurcnum- and tnilum-e\change measurements 

The carbohydrate was treated ~~lrh refluklng acid and the 2-furaldehyde produced 

itas dlsulled from the solution a5 It H% formed The resulhng Zfuraldrhydz w-a> 

reddll!, Identied from I& u v spectrum (,J,,, I!80 nm) and from the melting point of 

Its phenqlhydrazone Typical yields. determlned spectrophotometnclly, Here 41% 

ior 1, 15Yo for 2, and 5% for 3 For the case of deuterlum exhange, the 3-furaldehyde 

wds ouldrzed to 2-furolc acid and then converted Into methyl 2-iuronte, and deutenum 

lncorporatron In the ring at poslrlon 3, 4, and 5 was measured b) measurements of 

n m r s~gnnal dimlnurlon. relatrbe to the proton slgx& of the meth} I ester 7he n m r 

spectrum (rn chloroform-& of methyl 2-furoatc shows sr_gnnls at 5 3 8S (sInglet. 

methyl protons) 7 20 (mulriplcr, posltlon 3), 6 51 (mulhplrt, posItIon 3), 2nd I 5s 

(multlplet. posluon 5). relauve to tetramethylsrlane 

For the tnilum-exchange e\pcrlmeDrs, a portmn of the sampk was a:on\ertcd 

Into 2-furald<hyde phrnylhydrazone and tbe latter ws counted A furthc- ahquot 

was ovldlzed to 2-fu OIC acid and the latter subhmed to consrant radlschemxal 

activity By difference, the incorporation at the aldehyde carbon versus that on the 

fumn rmg could be calculated The collected data are presented In Tables i and II 

TABLE I 

CARBOV-BOUND TRITIUV I’~C@Rl’ORATEDJ INTO I-WRXLDEHVDE FROV REACTANTS 

TABLE II 

DEM-F.RIlJ~I IhC09PORATED” INTO THL FURAUV RIYG OF ?-TURALDtHI DE FROM REACTANTS 
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It may be seen that there are sign&ant &fferences between the amount of 
exchange for trrtlum versus deutenum for the same compound under the same reacuon 
condwons. This IS presumably because of rsotope effects operating dunng the reacllon 

Addl~~onally, because of such cKecLs. It 15 lmposslble to relate Lhe amount of isotope 
Incorporated to that which nould have been Incorporated by hydrogen exchange In 
.he same reactlon Fcr these reasons, the results can only be Interpreted m quahtatw 
term= a regards the poslble mechanism 

For compound 1. however, sl,%ficant IncorporatIon occurs at both the aldehyde 
carbon and (largely) at posltlon 3 of the furaa nng This bchavlor IS In conlwt to the 
rei3CLlOII Ot’ D-\ylOSe I ’ i Itself, which IS convened lnio 2-furaldehyde wlh essentially 
no exchange at any posluon This result IS taken to rndlcate that, dunnp r.he dehydra- 

uon of 1, both IntermedIates 4 and 5, and 7 and 8 (Chart 1, R = H), undergo sub- 
stantlal. re\errlble equlhbrauon Slmrlar observauons ha\e been reported for 
Amadon products denved from aldohexoses’ Compound 3. and the 2 derived from 

it. both incorporate bubstantlal ~sorope Into the furan ring, largely at posltlons 3 and 
1 Compound 3 ~3s Included IE the study because In dn earher report’ ’ It was 
erroneously concluded. (based on both deuterium- and tntlum-exchange measurc- 
ments) that nc_ellglble IncorporatIon 15 observed when 3 IS coovertcd Into 3-fural- 
deayde Ttus error was corrected for tntlum exchange in a iater report I, whrch 
sho\\ed that ihe 2-furaldehyde rlnp (posltions 3-5) contains I9 8% the actlvrty of the 
sokot. :I figure thsr agrees well with the data HI Table I Because of the discrepancies 
observed in prior eqerlments irlrh D-glucuronlc actd, a detalled study W’JS made of 
rhls sytem. In order to rule out pobjrble vanatlons In lncorporauon resulung from 
vanatmnb In reactlon condltlons Parameters &onsldered Here (a) the conceotrabon 
of Isotope used. (h) the concentrabon of carbohydrare rn tie reachon solution, 
(c) the form of the sugr used, namely o-glucuronic aad versus D-glucofursnurono- 
O,Slacrons, and, (d) remperature parameters. _A jleld stuciy showed that the yields of 
2-fbraldehyde remalned the iame. starting from either D glucuromc acid or Its 65 
Isctone, and no yield change was observed when samples Here added to the acldlc 
solution aI 15’, folloxied bv a heat-up rime to refluv of 30 mln, or when thev uerr 
added to the soluuon rhat was already at rei2u.u. SImllarly Idenrlccil results (Table 11) 

were obmlnrd for deurerlum lncorporauon, starting wth either the lactone or the 
acid, using both a heat-up hme of 0 5 h as well as by dropplng the ssmples directly 
Into a reflu;lng solu~on of xl&tied deuterlum ovlde 4s expected. and conuary to 
our earhrr report’ I , slgmficant rncorporahon \&as observed In the iuran ring, largely 
at pos~tlons 3 and 4 These e\penments here performed because variable mcorpora- 
tlon mleht hale occurred ds a result of prolongsd contact with solvent. dunng 

ivhlch time elchanpe rmght occur prior to dehydraaon T&US posslblhty does not 
appear fo be the case nor does the form of the startmg matenal [the lactone (rn rhe 
furanose form) versus the acid In ihe pyraoose form] seem to have any effect on the 
lncorporsrlon dara 

In a final sencs of e\prnmenu, the amount of tntlum Incorporated Into tie 
furnn ring dunnp ih: dehydration reactions HBS elomrned In detnll by uslog D- 
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glucuroruc acid as a startlng matenal wnh two levels of solvent acr~vny and two 
izvzis of sugar conentra~~on. The resulrlng Xurolc acid obtalned by uslnp acldlfied, 

rrltiated water hablng spcc~fic acn\~ry 1 Y ,KI per mmolc at 0 6% sugar concentntloo 

contarned I6 3Oo cf the actl\*l:y of the solvent. whereaL. when using a 5”: concentrs- 

tlon of sugar. the activity \sas !10”b Repewon of these evpenments with water 
hakmg an actwty of 0 4 1rC1 per mmolz shoibed that. at 0 6O6 sugar concentration. 

the 7-furolc acid conralnzd 21 21 o of the solvent actlvlty, w&reds ar 5“0 concenrratlon 
the value wab I9 596 Although rhese differences are small compared to the overall 

Incorporation obsened, the> appear to be srgnlficnnt and cannot be attributed either 

to addition of water to the mcdlum because of exhangcabie hydrogen aioms II? the 

starting sugar molecule or to \+aIcr Introduced as a result of the dehbdratlon 

reactIons Nevertheless, the data show that substantial IncorporatIon occurs In the 
furan rrng dunng the rcacuon Because there IS no evplanatron for these shght 

dlffsrences reachiy apparent, ali four number> were seven equal SL~~I>IIC~I weight and 

are shoun In Table I as an average value 

X number of mcchanrsms have been suggestpd rn the pdst for the decarbo\yl?- 
[Ion of hewromc acids and their resuitanr wn\crslon Into 2-furaideh}deJ-6 lsbeil 

proposed a mechamsm for the dchydrauo.1 (dnd decarbo\vlatlon) of ti-gal;,cturcnlc 

acid to ‘>-furaldzhyde 3s ~cli 8s to reductlc a4 It IS :lotwortjy thst Lhe rsotope- 

lncorporatlon data collscr~d In this sttrJy ars conc,ljtcnl iirrh i-us proposal ctnd could 

ha\e occurred C’I~ cqulllb;auon of hetoenol iorrns during the dehbdrahon reactlon 

Uthough the Isbcii mechanism IS Ju&ficd on dn electronic hasps. inspection of rhe 

proposed dehbdratlon pathbiay (Chart I) for the dehydration of a he\uronrc acid or 

an 4madorr product derived from It (R - CO,H) shows that IntermedIate 9 IS a 

P.g-unsaturated acid, this class of compounds 15 known to undergo drcarboky’atlon 

resdliy Thus a? an alternatlkc to the decarbo\vlauon step propo>rd by Isbeii. 

compound 9 (R = CO,H), on decsrboxylntron b> the mechnorsm gznersliy accepted I ’ 

for the decarbo\vlatlon of a p,y- unhaturated acid, (Chart 31, \\ould ,OIW rise to an 

isomer (11) of Xetopentanedlal, nhlch could cycl~ze to 2-fLraldehyde (12) Such a 
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mechanlcm IS arrractl\e because II rnkolves the formation of a stable. hydrogen- 

bonded. sl\-membered rul_g. this. through a concerted shlfr of electrons, could 

eliminate carbon dlowde Such 3 mecham,m liould prcdlcr Incorpcranon at position 3 



of rhe furan ring as a result of prcton transfer dunog decarboxylarlon, at posltlon 4 
through eqwhbranon of 11 with IIS heto form pnor to cyclizaboo and dehydrabon 
and possibly at the aldehyde cat bon as a restilt of reversible equlhbrahon of the 
srartlng mstenal with its I,?- enedrol The mechamsm 1s quahratlvely consistent with 
rhc lnbehnp patterns obsemed 

Further support for such a deccarbo\ylation mechamsm IS found rn a report 
descrlblng the dehydration of L-xl/o-5hc\-uiosomc acid (L-sorburomc acid, 

$keto-D-gluconic acid”) III methanollc hydrogen chlonde7S’3. In thus sjrtem, the 
Carboxy group is esterdied and hence cannot parucipnte ID a decarbovylailon 

rzxtlon by the foregolog pathnay. The maJor product of rhis rextlon IS methqi 
5rormyl-2-furoate, a product tbat would be predicted !f the wglucuronlc acid 
underwent dehydrahon ;n a manner analogous to thar oi hexoses and pentoses. 

IFstead of undergoIng decarbovylation 

E\PERIhll:Kl-AL 

,\laterrals and trlzthoris. - U.v spectra were recorded with a Perkin-Elmer 
model 1% recordlog, double-beam spectrophotomsrer Radlochemxnl determioatrons 
(except for phenylhydrazones) acre performed wLh a Packnrd model 3003 TRI- 
CARB hqwd sclnbllatlon counter using a sclntlilant composed of 2 parts of a 
wlut~on composed of 2 hters of toluene, 8 ?5 g of 2,5-&phenyloxazole (PPO), 
0 25 g of I,&brs 2-(4methyl-5phenylouazolyl)-benzene (Me,POPOP), and I part of 
Trlron X-100 (v/v). Effiiaencies Here determined by using tntiated roluene as an 
Interns1 standard. Phenylhydrane denvawes \lere combusted and analyzed radio- 
chemicalI:; by rhe Pemlsb Company N m r spectral measurements were made wti~ a 

Vanon T-60 spectrometer Cheuuwl shifts are reported relatwe IO tetramethyls~lane. 
Pr?parat:on ofstarrrng nraterrafs. - o-Glucuroruc acld and D-glUCO!-UranUrOnO- 

6,Yacrone v+ere obtained commercially Preparation of I-dibenzylamlno-I-deoty- 
o-frucluromc scld (m p 150”) and l-b enzylnmrno-I-JeO~y-D-rllreo-pentosulose 
(m p 135”) followed the procedures of Heyus and Baltes14 and hlicheel and 
Haermnnn’ ‘, respectively c 

Conr ersron of carboh) &arc> Into 3fzwafdefiq de. - Dehydration reacrions Here 
conducted rn I 2.5~ sulfunc nerd, except for studies involvmg 3 or It> T-lactone, rn 
v:hlch 3~ acid \$as used Carbohydrate concentrations were adjusted SO tbnt IO& 
400 mg of Zfuraldebyde were produced. For deurenum+uchange expenments, the 
solutions contined 960 50.1 atom percent deutenum. In a typrcal expenment 
Involving tririum eucbange, 8 g or 2 nas placed In a IOO-ml, round-bottomed flask 
equipped wlLh a condenser and recervin, = flask. After addlng 75 ml of tntlated water 
that \Vaj I 25~ in sulfunc acid, the jolutio~ was dlWlkd and 60 ml of dlst~llare was 
collecred during a 3-h period The d\sLJllatc ~3s dlwded Into II~O equal porrlons. \III~ 

tie Xuraldehyde therein being converted into rhe phenqlhjdrazone or Into Murorc 
acid as described nelt For dwtenum-exchange e\pcnmenrs, a ~lmllsr procedure LIPS 
used, wrh the resultag 2-furaldebyde belog convened first Into ‘1-furolc acid and 
finally into methyl 2-furosre 3s described next 
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Corn ers~ott of 2-jirraltitVr_t de m/o t/w phm_~ III! draxwc - Phen) Ih>drazonzs 

were prepared by adding an ewxss of phenqlhjdrazlne to one ptirtlon of the dl~rllla~r: 
The resulting crystals \%eere Isolated on a filter, gvashcd WILII water, and recrystalhzed 
from Cthacol-waler to constant specific acin~rj \rn p 93’) 

O\/darlon of ?-jurafdelrrde 10 2-/lno~c acrd - In a typIcal ekpenmeni, 2 5 g of 
fre&Iy prepared stlver otrde was added to a simple of dlslillate contannlng ZOO- 
400 mg of ?-furaldeh>de The suspcmsmn \\a~ ae:dtcd, stIrred, and mnlntalned at 

pH 10 bj the dropirlse sdd:rlon of hr bodlum hqdroade for the duration of the 

reaction U v spectra re\ealed the absence of 2-furaldehbde abler 30 mln, at i\ruch 
time :he mlxturz has ccntnfuged. fiirersd, and lhe filrrare rreatcd !\-~rh an exe>3 of 
Dower-50 (H+) and finally evaporated LO dryness The re>ultlng 34urorc acid was 
rzdlssol\ed In nwhznol and e\nprrrsled to dryness NO times, and then subllmed 

(60” and 0 35 mm) IO consrant ra&ochemlcai actlvlty (m-p 131”) 
Pwpar alloil oJr tnelh_vi 21/ilrqari - For deutcnum-exchange In\estlgallons, 

330 rns of 2-furolc acid was csienlied by the dropww nddlrlon of ethereal dlazo- 
melbane 4frer evaporstlon at room remperature, the rcbulunp \IXOUS hquld \ias 
dls,ol\ed In I 5 ml of cblofororm-d and used for n m r measurements 
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