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ABSTRACT 

The by-product (3) In the h:,dratton of D -Stucat (I) catalyzed by emukin P-D- 

Slucosidase has been identi6ed as 1.5-m hydro- 2-deoiy-3- O-( ~-deoxy-P-D-arnbino- 
hcxopyranosyI)-D-arf&iw-hex-I-enitol. Two models for t IC iormation of 3 are 

discussed. involving transfer of a 3-dzou-D-nrabino-he~opyranosyl cation to HO-3 

of D-glucal (&con transier) and transfer of 3’1 allyiic D-pjeudoglucal cation to HO- I 

of 2-deoxy-D-arabino-he~opyranosr: (aglycon transfer). The enzymic production of 3 

is highly regiospectfk. whrch lends support to the second model and implies the 

presence of a specific btnding-site for the nglycon moiety. 

INTRODUCTION 

The conwwon of D-glucal (I) and D-galactal into the corresponding 7-deo\y- 

D-hexosss by /?-D-glucosidase and P-D-galactosidasl. respectively. has been reported’. 

Also. 1 is hydrated by an wD-glucosidase from Cumiih zrupicwlis’. The rnzymic 

conversion of 1 by &D-glucosidase yielded a by-product (3). in appreciable quantity. 

which was thought to be a rearrangement product, as its mobility in p.c. and t l.c. ws 

intermediate between those of 1 and ‘-deo~y-D-arahirro-he~osc (2)‘. We noit report 

the ;drntification of the by-product and comment on the rc!evance of its formatron to 

the elucidation of the action of the enzyme. 

RESULTS 

When 1 ws incubated with fl-D-Siucosidase in 0.3ht sodium phosphate bulk 

(pH 6.8), 3 ~vas formed (up to 5090) in addition to 2. The yield of 3 (whtch was 

determined’ hy scanntng paper chromatograms of incubation mixtures containing 

“C-labelled 1) depended on the concentration of 1. In very dilute incubation mikturcs 

*Uncommon Results of Glycosldase Acuon. Part III. For Par1 II. sez hl. Braihhau> and J. Lehmsnn. 
Curblhrdr. Rex., S3 (197i) 71-31. 
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only 2 could be detected. These data indicated 3 to be a product of mcxc than one 

molecule of 1. Extraction of the freeze-dried incubation mhture, followed by chro- 
matography of the extract. yielded crystalline 3 which possessed i.r. absorption 
indicative of a double bond. The n.m.r. spectrum of 3 was similar to a combined 
spcclrum of 1 and 2, and indicated a dimer formed from two molecules of 1 by the 

addition of a hydra.:) I group of one molecule across the double bond of :he other to 
gibe a glycosidic link. The presence of a glycosidlc link in 28 was confirmrd when mild 
hydrolysis gave 2 as the only detectable product. hloreover. the n.m.r. spectra of 3 and 
its acetate 4 indicated rbe p-anomeric co&uration3 and ruled out a glycosidic link 
to the hydrosymethyl group. Two possible structures fit these da&, namely 1,5- 
anhydro-2-deoxy-3-O-(2-dzo.uy-lr-u-al ?bino-hevopyranosyl)-o-urabirro-her-I-enitol(3) 
and the (I -4)-linbed isomer 5. 

1 3 R-H 

4 R-AC 

H,OH 

Catalytic hydrogenation of3 gave one product (6), which could be hydrolyscd 
bj weak acid to yield t\!o products having the same chromabographic bzhaviour as 2 
and 1,5-anhydro-2-deo~y-o-a7uhino-he~itol (dihydro-o-glucal, S), respectively. 
hlethylarion of 6 with “C-methyl iodide and subsequent methanolysis gave two 

6 R-H 
7 R : CH3 

CH OCH3 
I 2 

H, OCHj 

CH,OH 

AL = (==&N=N -@, 



UNCOhthlON RESULTS OF GLYCOSIDASE ACTION: 111 67 

products (t.1.c.). The faster moving wan methyl 2-deoxy-3,j,6-tri-0-methyl-D-npobirro- 

bexopyranoside (9). which was identified by acid hydrolysis. and by co-crysrallizarion 
of the resulting Ldeoxy 3,~.6-tri-O-methyl-D-arubino-ilexose with an authentic 
sample . lo The slofier moving compound reacted wiIh Cphenylazobenzoyl chloride in 
pyridine to yield a product (10) which was identical \\irh l,S-arlhydro-2-deouy3,6-di- 
U-me~yl-3-O-(~phenylazobenzoyl)-D-arohino-hesito\, but not with I,$anhydro-2- 
deoxy-3,6-di-O-methyl4~-(~-phenylruobenzoyl)-D-ufu~~~o-he~tol (11). 

Compouor’, 10 uas synthesized from I,5snhydro-4,6-O-benzylidene-Sdeouy- 

D-urubko-hedtoi4 (12), and 11 from I ,5-anhydro -2-deoxy-4-O-/3-o-gaiactopyranosyl- 

D-urubino-hexitol’ (17). as shown in the annexed schemes. 

12 R-H U R =CH2C6Hg, Fi= H 
13 Fi = CH-&H; 15 R =CH2CgH5, R’mCHJ 

IS H =H, R’.CH> 

cuZai3 CH2OR 

“Q0J-J -:H30@i4,at2H3 + Haa 2. 

OR OCY 

17 R-H 19 I 

la R=OCY 11 

DlSCLlSSlON 

The formation of 3 is remarkable because of three facts: (I) D-glucal (1) is a 

much better acceptor than glycero16; (2) the 2-deouy-D-nrabino-hexopyranosyl 

moiety becomes attached to position 3 of I, although the primary hydro\yl group, to 

which transfer normally takes place’, is available; (3) there is no formation oi 
’ “C-labelled glycoside when D-~alactal- ‘-‘C is added to the incubation mirrturo. 
These data imply that a frms-dial grouping adjacent to 3 C=C bond is 3 good acceptor 

when a glycal IS the substrate of the corresponding j?-D-slycosidase. 

Polyhydroxy compounds are well known to be good acceptors in transfer 
reactions catalysed by /I&D-glucosidase and P-D-galactosidase. hloreoker, the occur- 
l.ence of acceptor jp&!%ity indicates that a polyhydroay compound can bind to the 

acceptor site in several energetically different ways, thus producing variously linked 
O-glycosides7. The xceptor site of B-D-galactosidase binds prochlral acceptors such 

as glycerol stereospecifically8. Thus, a preferred transition state may be visual&d for 

the transfer step leading to 3. 
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Et is probable that D-glucal (i) is fked in a flattened conformation’ (E or H), 

thus optimising resonance in the substrate ins wll as in the ionized substrate (21) 

activated by protonatioo. For steric reasons, the protonatioo cannot be effected by the 

furctional group A-H on the enzyme which normally protonates the glycosidic 

otypen’. IO order to obtain 3. the second D-glucal molecule (acceptor) must be fked 

in a way to allcw HO-3, which is allylic. to react with the glycosyl cation, This 

nec~sarily brings HO-3 in close contact iiith the proton donor A-H (22). The transfer 

step in 22 must be kinetically preferred rind the reason for the comparatively low 

ener,T of activation could lie in the charge distribution-1 IV ‘Icated in 23-25. If the stage 
she\\ q in 24 is essential for the regioselecrire formaltin oi3. the synthesis is a transfer 

of the all) tic cation to the glycon rather than a I-deo~yglucosyl transfer to an acceptor 
(sglycon). This possibility chnnges the usual role of the hydro.xy compound as the 

Fcceptor. and it is more reasonable to call this molecule the aglycontc substrate. 

* 
\ 
H 

\ 

23 24 25 

If the preceding assumptions are correct. then it is necessary for the binding site 

of the aglycon~~ substrate of B-D-glucosidase to hale at least two functional groups 

(.4-H and B) situated on either side of the nglyconic substrate (see 23). This crrsnge- 

ment ensures a conformation of the aglyconic substrate (D-glucal) in whkb HO-3 and 

.X0-4 arz anti. 

In its protonsted form, A-H would be the functional poup which normally 

protonates the glycosidic oxygeng. and in its deprotonated form accepts the proton 
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from a hyciroxyl group oi the acceptor molecule. ~-Gh~cal is the first example of an 

acceptor molecule (nglyconic substrate) which perhaps, like the glyconic substrate. 
can be activated b:, a glycosidase throu_eh protonation. 

EYPERlhlENT\L 

General we!Iwis. - T.1.c. was performed on silica gel FZS5 (hlerck) iiith .A, 4: I 

benzene-methanol: B, 4:I ether-light petroleum (b.p. W-70-); or C, 25:1-1:7 ethyl 

acetate-2-propanol-water. P.c. was performed on Wlta~man No. 1 paper \+ith 
6:4:3 I -butanol-pj ridine-Hater. Detection of unlabellcd compounds was effected 
with aniline hydrogen phthalate or by charring with cont. sulphuric acid at 150’. 

Radiorrctibe materials \\ers detected outoradiopnphically {Kodak hledical Film, blue 

sensitl\e, sin,ole coated) or with a Pachard 7200 Radiochromatcgram scanner. 

Melting points arc uncorrected. 1.r. and n.m.r. data were obtained with Perhin-Elmer 

lnfrticord 137 and Varian A-60, HA-100. or Bruket 9;J spectrometers. Where 
nccesnary, spin dcco;rplin,o \va~ performed. 

/,5-~nh~~dro-~-~~o.~~~-3-0-(2-deor~~-~-D-~rabino-hero~~~ra~?os~~l)-D-arabino-lre.~- 

I-enirol (3). 1 A solution of D-&luca\ ;I. 6 g) in sodium Fhosphate buH;tr (pH 6.8. 
50 ml) HBS incubated %\ith j?-D-glucosida% (5 mg: Boehringzr, hlannhcim) at 35” for 

6 days. The rcactlon WIS momtorcd by r.l.c. (solvent C). The incubarlon mixture was 

dilukd xith water (300 ml). heated at 95 for 5 min. and then filtered and freeze-dried. 
The residue was eutrackd with acetone (3 x 100 ml), the extracts \+ere concentrated 
uz IWCUO, and the syrupy residue was eluted from a column (I 50 x 2.5 cm) of silica gel 
(70-230 mesh, hlerck) with solvent C. Fractions containing 3 were subjected to 

rcchromatography to gve pure material (510 mg\, m.p. 170’ (from methanol), 

r4& - 57”, ~2: 3320 (OH) and 1660 cm - ’ (C=C). N.m.r. data (100 hlHz, D1O): 
ci 1.76 im, 1 H, J1,Z1 9.5, J2J,2e 12, J2J.3 I:! Hz, H-33 of gl~con), 2.28 (m, 1 H, 

J 1 .zc 2, Jzc.3 - 5 Hz, H-k of glycon). X2-5.0 (m. I2 H). 6.38 (q. I H. J,,? 7, J1.3 2 Hz, 

i-i-f of aglycon). 
Arral. Calc. for C,,EzOOd: C, 49.31 : H. 6.90. Found: C, 49.13; H, 6.89. 

The syrupy penta-acetate (4) of 3. prepared conventionally by using pyridine- 
scctic anhydride, ws homogeneous in t.1.c. (solsent B). and had the followinp n.m.r. 

data (90 MHz. CDCI,): B 1.77 (m. I H. J,,?, IO. J21,2c 13, J?,,, I I Hz. H-Za of 
&con). 3.03 (s, 3 H. AcO). 2.03 (s. 3 H. A&). 2.08 (s. 6 H. 2 AcO). 2.09 (3. 3 H. 
AcO). 3.28 (m. 1 H. J,,‘= 3, J2e,3 5 Hi, H-2e of glycon). X45-5-3.45 (nl. 13 H). 6.44 

(1 H, J,.? 6, J,,, 1.5 Hz, H-l of aglycon). 

Metl~.rA7tion ouahsis of 1.5~adyiiro- ~-1i~o~1~-3-0-(,3-~~enr~~-~-D-arabino-l~ero- 
p~,ranos_~()-D-~rabino-hecitoi. - Conventional hydrogenation of a solution of 3 

(40 mg) in water (2 ml) o\er Pt (from 20 mg of PtO,) at room temperature and 

atmospheric pressure wzs complete (t.l.c., solvent C) biithin 20 h. The freeze-dried 
product 6 was methylnted hirhout further purification. 

A solution of 6 (40 mg) III N,N-dimsthylformamide (I ml) was added to an ice- 

cold suspension of sodium hydride (300 mg) in N.N-dimethylformamide (4 ml). The 
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mixture ~3s stirred vigorously under nitrogen ior 30 min and then cr~oled with liquid 

nitrogen, and “C-methyl iodide (55 mCi, SS pg. The Radiochemical Centre, 

Amersham) ~3s condensed into the reaction flask. The mixture was allowed to thaw, 

stirred for I h. treated \+ith unlabelled methyl iodide (lOO,uI), and stirred for IO h. 

Unreacted sodium hydride was decomposed Hith methanol, and the miuthre :vas 

conccntrstsd to dqness under reduced pressure, and partitioned betwee ~vater 

(IO ml) and chloroform (IO ml). The aqueous phase was esrracted with chloroform 
(3 x IO ml). and the combined chloroform solurions were washed with wr?ter (20 ml), 

dried (CaSO,). and concentrated under reduced pressure to yield 7 as a pale-yellow 

syrup (4s mg). 

The foregoing product 7 (Z mg) was treated with 2% methanolic hydrogen 

chloride (300 ~tl) at room temperature for 8 h. Gne drop of mcthaaolic ammonia ~3s 

then added, the soltent ~+as evaporated, and the product was subjected to preparative 

t.1.c. (solLent C). The compound havin g lower mobility (RF 0.63~ was added to a 

wnple of I ,kmhydro- 3-deosy-4,6-di-O-methyl-D-arohillo-bsxitol (16), and the 

mixture teas 4-phenylazobertzo) lated as described below. 

The faster mo\ing compound (R, 0.78) was slo~vly stirred with Ambe;lite 

IR-lZO(H+) resin in water (3 ml) for 5 h. The resin ~35 remo!:d, authentic 2-deouy- 

3.4,6-tri-O-methyl-D-arc7bino-heuosc’0 (500 mg) H’OS added, and the rniuturti u’as 

concentrated to d -yness in LUCIIO. After recrystallization from ether, the specific 

rsdioacti\lty of .he product ~3s constant. 

/.5- -Irrl~.~dro- 3-O-ben=~‘l-~,rfi-O-b~~7=.1’/id~t7e-_ 3-dco\-t -o-arsbioo-/re.rirol(fJ). - .A 

mixture of 1,5-ar.h~dro-3.6-0-ben~lldenz -2-droxy-D-arabinu-he.ultoi“ (12, I .5 g), 

N.N-dlmethylformsmide (I5 ml). benzyl bromide (6 ml), and silver oxide (7 g) was 

stirred vigorousI:: at room temperature for 7 h. Afrer the addition of benzene (50 ml), 

Inoreani:: materill ivas collected, and washed with benzene (SO ml) and then chloro- 

form (SO ml). The combined filtrates and washings iterc washed with water (3 x 30 ml), 
dried (C330,). and concentrated to an oil which still contained benzyl bromide. On 

treatment with light peiroleum (b.p. 60-70’) at -2O’, the product crystallized, and 

rec~stalliarion from ether-light petroleum ;b.p. 30-50’) gabe 13 (1.3 g. 63?b), 

m.p. 57’, [;1]:5, -6’ (c I, chloroform). N.m.r. data (60 MHz, CDCIj): d I .90-3.15 

(m, 2 H, H-%,&A 4.86 (d, 2 H. J 2.5 Hz. PhCH,). and 5.70 (3, I H, PhCH). 

Anal. Calc. for C,,H,,O,: C. 73.60; H, 6.79. Found: C, 73.47: H, 6.82. 

l,5-.A& r~dro-3-0-b~r~~~~/-~-deo.rr~-D-arabino-/~e.rirol <14), - A solution of 13 

(0.9 ,g) in 50% acetic acid (Z-5 mlj ~3s boiled under refluu for I.5 h, and then con- 

cen(ratcd under reduced pressure. The residue was crystallized from ether and 

light petroleum (b.p. 30-50’) at -20‘ to gibe 13 as rhe hydrate (0.55 g, 83%). After 

drying in I~TU~ o:er phosphorus pentaovide for I6 h. 13 had m p. W, [a]” - 

(c I. chlorofoml) N.m.r. data (60 hIHi, CDCI ) 5 I 9- I (m 3: . 2. 3 H H 73’::) 4% ,’ , --,- . . 
(d. 2 H. PhCH,), and 7.45 (s, 5 H, Ph). 

+irra/. Calc. For C, JH ,,O,: C. 65.52; l-l. 7.61. Found: C. 65.43; f9, ?.46. 

I .5-Att/tl.dro-3-O-bert= ~~I-2-dt~~.~~~4.6-di-O-tt~er~t,~~l-D-~irabino-ite.rirol (15). - A 
mrlturc of 14 (0.5 g). N./V-dimethylformsmide (10 ml), methyl iodide (5 ml), and 
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Merhanolysis of 1,5-anh_1.dro- ~-deo.r).-3.6-di-O-nreth~.I--I-0~2.3,1,6-reir7-O-meih~i- 

8-o-ga/acrop?,ranosr.i)-D-arabino-/lrsilo: (18). - A solution of 18 (0.6 g) in 2% 

methanofic hydrochloric acid gas boiled under ref?ux for 24 h, and then concentrated 
to 2 ml and co-conceetrated with pyridine (2 x 20 ml) it1 vacua. Two products (19 and 

20) could be detected by t.1.c. (solvent C). 
A solution of the for:.going mixture and Cphenylazobenzoyl chloride (750 mg) 

in dry pyridine (IO ml) was boiled under reRuu for 7 h. Water (I ml) was added, and 
the mixture bias kept 31 IO0 for 30 min. cooled, and poured into saturated. aqueous 

sodium hydrogen carbonate (100 ml). The solution was extracted with chloroform 

(3 x 50 ml), and the combined extracts \icre Hashed tvith water (3 x 100 ml), dried 

(CaCI,). added to a short column (30 ml) of aluminium oxide. and elated with 

chloroform, Concentration of the sluate gave a syrup containing (t.1.c.. solvent .-f) 

19 (colourless) and II (orange coloured). Trituration of the mixture with I;1 

methanol-water at -I- and recrptsllizstion of the product from light petroleum 

(b.p. 3O-60 ) gave I ,~-anh~dro-2-deo~~-3.6-di-~-met~~13-O-(-lphenyiazobenzoyIj-D- 

c7ruhlno-he\ltol (11, l.lOg). m.p. S9’, vi!j: 1710 (C=O) and 1595cm- (N=N). 
N.m.r. data (100 h!Hz. CDCI,): 3 1.73 and 2.18 (3 m, 2 H, H-22’). 3.34 and 3.37 

(2 5, 6 H, 2 hle). 3.50 (s, 2 H, H-6,6’), 3.17-3.37 (m, 3 H. H-la.3.5). 4.12 (m, I H. 

H-le). 5.10 (I. I H. H-4). and 7.45-8.28 (m, 9 H, aromatic protons). 

Anal. Calc. for C,,H2,N,G,: C. 65.60: H. 6.29; N, 7.29. Found: C, 65.49; 

H, 6.33; N. 7.32. 
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