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ABSTRACT 

Incubation of o-nrtrophenyl 6-deoxy-p-D-uylo-hex-5-e.lopyranoslde (1) with 
em&m B-D-glucos1dase gave, mstead of the expected 6-deoxy-D-_q$o-hexos-5-ulose 
(3), o-mtrophenyl 6-deoxy-3-0-(6-deoxy-8_D-_K~~/o-hex-S-enopyranosyl)-~-D-~~Zo-hex- 
Eenopyranoslae (2) m high yield (-90% under optimal condltlons) The structure 
of 2 was established from spectroscopic data and by co_rrelatlon with compounds 
syntheslsed defimtlvely The speclficlty of the transfer reactlon 1s dlscussed as an 
argument for an acceptor or aglycon bmamg-site 

INTRODUCTION 

The enzymlc cleavage of glycosldes by glycosldases yields the free sugar If the 
glyccsyl moiety 1s transferred to water, or a new glycoslde If It IS transferred to a 
suitable acceptor Good acceptors are poiyhydnc alcohols, especially glycerol, which 
can compete with water even at low concentrations Such acceptors as water, glycerol, 
or other monosacchandes play a passive role However, In a transfer reactIon 
cataIysed by B-D-glucosidase’, D-glucal played an active role as acceptor, since there 
was selective formatlon of a glycosldlc link to HO-3 (allyhc posltlon) The transfer 
reaction described herein 1s slmllarly specific 

RKSIJLTS AND DISCUSSION 

o-Nltrophenyl 6-deoxy-p-D-uyZo-hex-5-enopyranoslde (1) was prepared by 
reaction of 2,3,4-tr~-O-acetyl-6-bromo-6-deoxy-cc-D-glucopyranosyl bromide with 
o-mtrophenol and treatment of the product with sliver A uorlde When 1 was incubated 
with emulsm j&D&cosidase m phosphate buffer at pH 6 8, o-mtrophenol was 

*Uncommon Results of Giycosldase Action Part V For Part Iv, see J Lehmann and B Zleger, 
Carbohydr Res , 58 (1977) 73-78 

**Delay m acceptance caused by postal IOSS 
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Fig 1. Lkratlon of o-mtrophenol from eqmmoku (0 05mhl) solutions of o-mtrophenyl /?-D-ghCO- 

pyranoslde (+) and o-mtrophenyl 6-deoxy-/J-D-lvlo-hex-Senopyranoside (1, -_I-) by B-D- 

glucosldase m 0 lhi sodnun phosphate buffer (pH 6 8) at 27” Enzyme concentration was 5 &ml 
for tne saturated, and 50 /[g/ml for the unsaturated substrate 

liberated at an mltlal rate: of - 10 % of that for o-rutrophenyl fl-D-glucoslde, but 
only 5%60% of the expected o-mtrophenol was formed (FQ 1) T 1 c showed that a 
new compound (2) was formed which was stlII unsaturated and contamed the 
aromatlc residue Compound 2, for which yields of -90 % were obtamed when the 
substrate concentration was 0 2M, was isolated crystallme after column chromatog- 
raphy Hydrolysis of 2 with aqueous mmeral acrd gave o-mtrophenol and 6-deoxy- 
D-X)&I-hexos-5-uhse (3) The complex n m r spectrum of 2, whtch showed one 
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5R=R’=H 

5 9 = R’ = Me+ 

7 R = MesSi ,R’= Ts 

E?R=HR’=Ts 

9 R = Ac,R = Ts 
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aromatic residue per two unsaturated glycosyl moletIes, was closely smular to that 
of the startmg matenal The respective I r spectra also were very slmllar Although 
the position of the glycosldlc hnk could not be determmed, the foregoing data are 
consistent with the structure of an o-mtrophenyl 6-deoxy-0-(6-deoxy-fl-D-_rylo-hex- 
5-enopyranosyl)-/I-n-uJ$o-hex-Senopyranoslde 

o-Nitrophenyl 6-deoxy-4-0-(6-deoxy-P-D-_uylo-hex-5-enopyranosyl)-8-D-uJ,Zo- 
hex-Senopyranoslde (4) was prepared from o-nltrophenyl p-cellobloslde (5) by the 
sequence 5+6-+7+,8+9+10-*11+4 (see Expenaental) The moblhtles of 4 and 2 
m t 1 c were slmllar but not ldentlcal, hence 2 IS not (1+4)-hnked 

Catalytic hydrogenation with trltlum gas of a solutlon of 2 m acetic anhydride 
followed by the addmon oi pyndme gave a labelled compound 12 contaminated with 
mmor products due to non-stereospecific hydrogenation Deacetylatlon of 12 and 
hydrolysis of the product (13) ylelded mainly labelled 6-deoxy-D-glucose (o-qumovose, 
15), which was ldentlfied by co-crystalhsatlon with an authentic sample Methylatlon 
of 13 and methanolysls of the product ylelded four maJor labelled compounds 
(16-19) that were separable by t 1 c The moblhtles of 16 and 17 could not be changed 
by benzylatlon Treatment of either 16 or 17 with methanohc hydrogen chloride gave 
a mixture of 16 and 17 Compound 16 had chromatographlc properties identical 
with those of methyl 6-deoxy-2,3,4-tn-0-methyl-v-D-glucopyranoslde3 Equihbratlon 
of the latter compound m methanohc hydrogen chloride gave a mixture of products 
with chromatographlc propertles identical to those of the mixture of 16 and 17, 
thus proving the latter compounds to be methyl 6-deoxy-2,3,4-tn-O-methyl-u- and 
P-D-giucopyranoslde, and mdlcatmg that the non-glycosldlc terminus of 2 is a 6- 
deoxy-D-.uylo-hex-5-enopyranosyl residue 
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12 R = AC 15 lSR’= H R-= OMe 18 R = R = H R*= OMe 

13R=H 17 R = OMe R = H 19 R = R = H R’ = OMe 

$0 R = Ke 20R = BzI R = H R’= Otle 

21 R = Bzl R = OMe R- = H 

Compounds 18 and 19 were also anomerlc methyl glycosldes which could be 
benzylated to give 20 and 21, respectively, that were ldentlcal (by t 1 c ) with methyl 
3-O-benzyl-6-deoxy-2,4-dl-O-methyl-cc- and P-D-glucopyranoslde The Identity of 21 
was proved by co-crystalhZcr --+lon with an authentic sample 

The foregomg data, coL?led with the fact that 13 could be hydrolysed with 
/?-D-glucosldase under cond:tlons used for the synthesis of 2 from 1, mdlcate 2 to 
be c-mtrophenyl 6-deoxy-3-0-(6-deoxy-~-o-~~Z~-hex-5-enopyranosyl)-~-D-y~Zo-hex- 
5-enopyranoslde 

Authentic 20 and 21 were syntheslsed from 5,6-anhydro-3-O-benzyyl-1,2-O- 
isopropyhdene-a-D-glucofuranose4 (22) vra 23, 24, and 25 
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(from methanol), [a]& 
and 1750 cm-l (C=O) 

+lO” (c 1, chloroform), v:“,’ 1610 (N02), 1670 (C=C), 

Anal Calc for CIsH19NOl,-, C, 52 82, H, 4 68, N, 3 42 Found C, 52 59, 
H,475,N,345 

o-Nztrophenyl 6-deoxy-/3-D-xylo-hey-5-enopymnoszde (1) - ConventIonal de- 

acetylatlon of the foregomg compound (4 1 g) with methanohc sodmm methoxlde 
ylelded 1 (2 7 g, 94x), m p 106’ (from water), [xJ~$ -123” (C 0 5, water). ~2:; 
1520 (NO,), 1670 (C =C), and 3340 cm- ’ (OH) N m r data (Me,SO-d6) 5 3 29 

(9, 1 H, Jz 3 7, J3 4 8 5 Hz, H-3), 3 53 (q, 1 H, f1 Z 5 5 Hz, H-2), 3 92 (sex, 1 H, 
J 46 - - J4,6 = 2 Hz, H-4), 4 58 (d, 1 H, H-6), 4 63 (d, 1 H, H-6’), 5 31 (d, 1 H, H-l), 
and 7 l-8 0 (m, 4 H, aromatlc) 

Atral Calc for C,ZH,3N07 C, 50 89, H, 4 63, N, 495 Found C, 5090, 
H, 4 68, N, 4 75 

o-h’rtrop/zeJzyI 6-deo T_J -3-0-(6-deo_~~-~-D-xylo-Jze_~--.5-e~zopyrarosyI) -/?-D-xylo- 

Ae_\-5-enopyranoszde (2) - A solut!on of 1 (1 5 g) m 0 2hI sodmm phosphate buffer 
(pH 6 8, 100 ml) was Incubated with a-D-glucosldase (3 ml) at 35” for 12 h The 

reactlon was momtored by t 1 c (solvent C) The mixture was concentrated to 50 ml 
under reduced pressure (bath, 35”), diluted with water (100 ml), and freeze--dned 
The residue was extracted wtth acetone (2 x 100, 5 x 50 ml), and the extract was 

concentrated ZIZ l’aczzo The crude product was decolorlsed with charcoal and eluted 
from a column (70 x 4 cm) of sthca gel with solvent C to yield 2 (0 6 g), m p 148” 
(from water), [z]& -65” (c 1, chloroform), \bz’ 1525 (NO?), 1675 (C=C), and 
3450 cm-’ (OH) N m r data (iMe,SO-(I6) 6 3 05-3 95 (m, 5 H) 4 18 (d, 1 H, J S Hz), 
4 52 (d, 2 H, J Z Hz, H-6), 4 60 (d, 2 H, J 2 Hz, H-6’), 4 72 (d, 1 H, J, 1 5 5 Hz, 

H-l ‘), 5 48 (d, 1 H, J 1 2 5 5 Hz, H-l ), and 7 l-8 0 (m, 4 H, aromatlc) 

hai Calc for C,,H2,N0,, C, 50 59_ H, 4 95, N, 3 28 Found C, 50 40, 

H, 4 92, N, 3 34 
o-Nzrrophenyl ,7,3,6.2’,3’.4’,6’-hepm-0 -acer_~+/&celIobroszde - A solution of 

sodmm hydroxide (4 5 g) and o-mtrophenol (I 1 25 g) III water (110 ml) was added to 
a solutron of acetobromocellobrose5 (33 g) m acetone (150 ml) The mrxture was 

stirred at room temperature for 4 h and then poured into Ice-water followed by 
extraction with chloroform (300 and 100 ml) The combmed extracts were washed 
with water (2 x 100 ml), dried (CaCl?), and concentrated under reduced pressure 

to yield the title compound (21 5 g, 60X), m p 204” (from methanol), [a]$ -5 5” 
(c 1. chloroform), tmdK lhBr 1750 (C=O) and 1550 cm-’ (NO,) 

Atzal Calc for C32H39N020 C, 50 73, H, 5 19, N, 1 S5 Found C, 50 50, 

H, 5 33, N, 2 07. 
o-Nztropherzy! /K-cellobzoszde (5) - The foregomg compound (5 9 g) was stn-red 

with cone methanohc ammonla for 20 h The reaction was morutored b> t 1 c 

(solvent A) After concentration under reduced pressure, methanol (10 ml) was 

added to the residue_ The resultmg crystallme material was trlturated with methanol 

(IOml) to yield 5 (2 2g,61 %),m p-220”, [a]$& -87 5” (c 1, H,O), vi:: 1530 CNOd 
and 3450 cm-’ (OH) 
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~12al. Calc for C18H2sN013 C, 46 64, H, 5 44, N, 3 02, Found C, 46 47, 
H, 5 59, N, 3 29 

o-Nitrop/lenyl hepta-O-trimetltylsdyl-&cellobioside (6) - To a solution of 5 
(1G g) III pyrldme (160 m1) were added chlorotrlmethylsllane (16 5 g) and hexamethyl- 
dcsllazane (27 g) with coolmg After 2 h, the mixture was concentrated to dryness 
nnde; reduced pressure, and a soIutlon of the residue in te+,rachioromethane (275 ml) 
was filtered through Cehte, wa,hed with water (2 x 200 ml), dried (Na,SO,), and 
concentrated zn vacua to give 6 (21 g, - lOO%), m p 128” [from light petroleum 

(b-p 30-50”)1, [a]‘,& -60 5” (c 1, chloroform), VP: 1250 (&Me) and 1530 cm-’ 

(Nr3,). 
Anal Calc for C,,H,,NO,,SI, C, 48 36, H, 8 43, N, 1.45 Found C, 45 55, 

H, 8 28; N, 165 
o-Nztropitenyf 6,6’-dr-O-tog I-/3-cellobioslde (8) - To crude 6 were added, m 

sequence, pyridine (200 ml), water (3 6 ml), and glacial acetlc acid (2 4 g) When the 
reaction was complete (t I c , solvent B), the mixture was poured into ice-water 
(1 5 htres), and extracted wrth chloroform (400 and 200 ml) The combmed extracts 
were washed with water (200 ml), dned (CaCl& and concentrated m vacua, yleIdmg 
a pale-yellow syrup, to a solutron of which (20 g> m dry pyrldme (200 ml) was added 
tosyl chloride (23 g) m two portions The reaction was carried out at 4” and monitored 
by t 1 c (solvent B) When the reaction was complete, the mixture was poured mto 
Ice-water (2 htres) and stlrred, the product 7 was coIlected and dissolved m methanol 
(400 ml), and water was added to slight turbtdlty The mixture was bolted under 
reflux for 4 h and then concentrated ztz WZCIIO, and the residue was crystalked from 
ethanol to yield 8 (7 g), m p 13S”, b]?$ -68 O (c i, acetone), \k”,’ 1530 (NOz) and 
3450 cm-’ (OH) 

Atral Calc for C3zH37N017S2 C, 49 79, H, 4 83, N, 1 81, S, 8 31_ Found 
C, 49-51, H, 4 85, N, 1 86, S, 8 06 

o-Nltrophertl 1 2,3 2’ ,3’,4’-penta-0-acetyl-6,6’-dl-O-tosl I-fi-cellobroslde (9) - 

Conventional treatment of S (9 g) with pyndme (22 ml) and acetic anhydrlde (20 mk) 
gave 9 (8 7 g, 76%), m p 122” (from methanol), [cc]& +2’ (c I, chloroform), 
vKBr 1520 (NO,) and 1760 cm-’ (C-O) rnzI?z 

AlaL Calc. for C,,H,,N0,,S2 C, 51 38, H, 4 82, N, 1 43, S, 6 53. Found 
C, 50 65, H, 5 08, N, I 75, S, 6 78 

0--h-Uro~ken~ 1 2,3,2’,3’,4’-pcnta-0-acetJl-6,5’-drdeosy-6,6 -dl-rodo-/3-celfobro- 

srde (10) - A solution of 9 (2 2 g) and sodmm lodlde (6 g) m acetlc anhydrIde (50 ml) 
was bolled under reflux for 25 mm, the reaction was monitored by t 1 c (solvent B) 
The cooied nuxture was filtered, and concentrated ZJZ vacua, and a solution of the 
resultrng syrup m chloroform (300 mi) was washed with 0 I ok aqueous sodmm 
bwufphlte and Rater (2 x 200 ml), dried (CaSO,), and concentrated under reduced 
Pressure CrystaIhsation of the residue from methanol yielded 10 (6 g), m p 210°, 
IX:, f I a (c 1, chloroform), v,, KBr 1530 (NO,) and 1770 cm-’ (C=O) 

Anal Cak for CZBHJ2NO16- C, 37 64, H, 3 72, N, 1 57 Found C, 37 83, 
f-f, 3 S9, N, 1 81 
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o-Nitmphenyl 2,3-dz-O-acetyZ-6-deo~y-4-0-(2,3,4-trr-O-acetyl- 6-&oxy-jj-D- 

xylo-hex-5-enopyranosyl)-IP-D-xylo-he,r- (11) - A solutron of IO 
(7 g) in pyndme (40 ml) was shaken with silver Auonde (7 g, techmcal grade) for 
20 mm; the reactlou was monitored by t 1 c (solvent B) The hqurd phase was then 
decanted dropwise into vrgorously stirred, dry ether (1 5 htres) Charcoal (- 5 g) 
was added, and stnxng was continued for 10 mm The mixture was filtered, and 
concentrated zn Yamo, and toluene was repeatedly evaporated from the residue to 
remove resrdual pyrrdme Crystalhsatron of the resultmg syrup from methanol yielded 
11 (3 g, 60%), m P 125”, [a]‘,$, -61-S” (c 1, chloroform), v:rJ; 1520 (NO,), 1680 
(C =C), and 1770 cm-’ (C= 0) N m r data (CDCI,) 6 2 06 (s, 3 H, AC), 2 OS 
(s, 3 H, Ac), 2 13 (s, 6 H, 2 AC), 2 16 (s, 3 H, AC), 4 5-5 3 (m, 10 H), 5 65 (d, 2 H, 
2 H-l), and 7 1-8 0 (m, 4 H, aromatic) 

AIral Calc for C28H31N016 C, 52 75, H, 4 90, N, 2 20 Found C, 52 67, 
H, 504, N, 242 

Deacetylatlon of 11 (20 mg) wnh either 0 01~ methanohc sodrum methoxrde 
(1 ml) or methanollc ammonia (5%, 5 ml) yrelded 4 as a hrghIy unstable syrup which 
was homogeneous (t 1 c , solvent C), decolorlsed sodrum permanganate, but was not 
ldentrcal with 2 

Metlz~Iatzon anallsrs of 2 - A solutron of 2 (500 mg) m ace& anhydrrde 
(5 ml) was hydrogenated over 5 % palladmm-on-charcoal (500 mg) whrch previously 
had been equihbrated with trltmm gas (25 mCi, specrfic actrvrty, 500 mCr/mmol) 
After 5 h, when hydrogen uptake was complete, the catalyst was removed, pyrrdme 
(10 ml) was added, and the mrxture was stored at room temperature for 10 h and 
then concentrated under reduced pressure The resultmg syrup 12 (0 7 g) whrch was 
nearly homogeneous (t 1 c , solvent B), was deacetylated wrth 0 01~ methanohc 
sodmm methoxtde (10 ml, t 1 c , solvent A) After the addition of water (1 drop), 
carbon droxrde was bubbled through the solutron for 30 mm which was then filtered 
through a column (12 x 2 cm) of sthca gel and eluted with methanol The radtoactrve 
eluate was concentrated irz vaczto, yreldm g syrupy 13 (460 mg) A small amount of 
13 (2 x lo6 d p m ) gave D-qumovose (15) as the only sugar component on hydrolysrs 
wtth O-D-glucosrdase [IO ~tl, 5 mg/ml, m 200 [tl of phosphate buffer @H 6 S) at 
37”] and wrth 0 05~ hydrochlortc actd (room temperature) The radIoactIvely 
labelled o-qumovose was ldentlfied by co-crystallisatlon with an authentic sample 

A mixture of 13 (400 mg), NJ-dlmethylformamlde (10 ml), methyl lodlde 
(5 ml), and sliver oxide (3 g) was stirred vigorously for 16 h Ether (50 ml) was 
added, and the morgamc material was collected and washed with ether The com- 
bined ether solutions were concentrated under reduced pressure, yleldmg 14 as a 
pale-yellowrsh 011 (265 mg) whrch was homogeneous m t 1 c (solvent B) 

A mixture of 11 (0 1 g) and 2% methanohc hydrogen chloride (10 ml) was 
boiled under reflux for 6 h The products (16-19) were Isolated by p 1 c (solvent B. 

JIF 0 3.5, 0 42, 0 14, and 0 23) When either 16 or 17 was eqmhbrated wtth methanohc 
hydrogen chlorrde, a mixture of 16 and 17 resulted (t 1 c , solvents A and B) Radio- 
labelled 16 co-chromatographed [solvents A and B and ethyl acetate-propan-2-ol- 
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