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ABSTRACT 

Drastereomenc epoxy-(fl-D-glucopyranosyl)ethanes and I,2-epoxy-3-(/?-D-gluco- 
pyranosyl)propanes were synthestzed to study the active sate of &D-ghrcosrdases The 
mixtures of the drastereomenc epoxrdes of /7-D-ghrcopyranosylethene and of 
2-(/3-D-glucopyranosyl)-I-propene tetraacetates were prepared by reactron of 2,3,4,6- 
tetra-O-acetyi-cr-D-ghrcopyranosyl bromrde wrth the appropriate Gngnard reagents, 
followed by oxrdatron with peroxyphthahc acrd m drchloromethane Chromato- 
graphrc separatron of these xmxtures, followed by deacetylatron of each epoxrde 
resulted m tvyo pairs of dlastereomers that mactrvated rrreversrbly sweet-almond 
P-D-ghxcosidase 

INTRODUCTION 

Trreversrble mhrbrtors have been extensrvely used m the study of the active site 
of enzymes’ However, only a few mveshgations of lrreversrble mhrbltlon of carbo- 
hydrases (hydrolases of O-glycosyl compounds, EC 3 2 1) have been reported, for 
example, the study by Legler et al ’ of the irreversrble mhrbrtron of @-D-glucosrdases of 
different ongm by conduntol B derrvahves, the alkylatron of the Asp-52 resrdue of 
lysozyme wrth 2,3_epoxypropyl 2-acetamrdo-2-deoxy-j?-D-glucopyranosrdes3 by 
Sharon et al 4, and the rrreversrble mmbrtron of E colz b-D-galactosrdase wrth 
N-bromoacetyl-/?-D-gaactopyranosylamme by Yanv et al ’ 

The drfficulhes m developmg methods of study of the active site of definite 
carbohydrases by use of rrreversrble mhlbrtors are due mamly to the complexity of 
the syntheses Nevertheless, the chermcal rdentrficatron of the catalytrc groups of 
enzymes requrres a wrdemng range of such mhrbrtors 

The present paper reports the synthesis of rrreverstble mhibrtors of B-D- 
glucosrdase, namely C-glucopyranosyl denvatlves havmg an ahcylahng group either 
in the munedlate proxirmty of [drastereomenc epoxy(8-D-gh.rcopyranosyl)etba.nes, 5 
and 6J or distant from the sugar resrdue [drastereomenc 1,2-epoxy-3-(8-D-gluco- 
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pyranosyl)propanes, 13 and 141 The epoxrde group was selected because rt IS capable 
of reactmg wrth the carboxylate amon and the nondrssoclated carboxyl group6, 
whrch are the catalytic groups m the actrve sate of /?-D-glucosidases of different ongm, 
as shown by indirect evrdence’ ‘. 

RJ3ULTS AND DISCUSSION 

The startmg material for the epoxrdes 5 and 6, (2,3,4,6-tetra-O-acetyl$-D- 
glucopyranosyl)ethene (l), was mrtrally synthesrzed by Zhdanov et al ’ by treatment 
of vmyl magnesmm bromrde wrth 2,3,4,6-tetra-0-acetyl-or-D-glucopyranosyl brormde 
However, the compound obtained was not Isolated m a pure state and the D-D- 
configuration of the C-glucosyl bond was not proved We have modrfied the syntheses’ 
of 1 and Isolated by chromatography m a yield of 30-35%, pure 1, whrch was 
subsequently deacetylated mto P-D-glucopyranosylethene (2) 

CH20R 
OR 

rty 

OR’ 

R’O 
OR’ 

1 R= CH=CH, R’= AC 9 R = CH,CH=CH2, R‘= AC 
2 R = CH=CH, , R’= H 10 R = CH,CH=CH, , R’= H 
3 R=CHO.R’=Ac 

4 R = CH~OAC, R*= AC 1112 R = CH I C&H 2 2,R’= AC 

.,R=doL 
lo\ 

I -CH,.R’= H 13.14 R = CH2CH-CH2, R’= H 

7.8 R= C&H, .R’= AC 

15 R = CH2CHJ, R’= AC 

16 R = CH2CH2CH3,R’= AC 

Since nerther optrcal rotation (because of the proxrmity of the double bond to 
the anomerrc centre) nor the 1 r and p m r data grve an unambiguous proof of the 
j?-D configuratron of a C-glucosyl bond, the structure of 1 was proved by chenucal 
degradatron Compound 1 was oxrdrzed wrth osm~c anhydnde and sodmm penodate 
mto aldehyde 3, w&h was reduced by sodrum borohydnde and acetylated to grve the 
optrcally mactrve acetate 4, rdentrcal wrth 1,3,4,5,7-penta-0-acetyl-2,6-anhydro-D- 
glycero-D-gulo-heptrtol’ 

Oxrdatron of 2 wrth peroxyphthahc acrd was reported” to gve a nuxture of 5 
and 6 We have found now that the mixture of the diastereomenc epoxlde acetates 7 

and 8, formed by oxrdatron of 1, can be separated by chromatography, and thus the 
mdrvidual dtasteromers 5 and 6 obtamed 

The dlastereomeric epoxrdes 13 and 14, in whrch the ride-cham oxide rmg IS 
separated from the sugar ring by one methylene group, were synthesrzed m a way 
solar to that gust described The startmg ally1 denvatrve 9 was prepared accordmg 
to the procedure of Zhdanov et al. 1 1 Deacetylatron of 9 gave 2-@-D-glucopyranosyl)- 
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1-propene (10) Smce the acetates 15 and 16, obtained by hydrogenation of 1 and 9, 
do not contam a double bond and exhblt almost Identical molecular rotation (-50” 
and -52”, respectively), a structure slmllar to that of 1 was ascnbed to 9 

In contrast to O-ally1 glycosldes, which are completely converted mto epoxldes 

mthm 3 hours by a 24 tnnes excess of peracId 1 ‘, 9 required 24 hours, and 14 days, 
provided that a 10 times excess of peracld was present for the oxxdatlon of the latter 
compound 

The free epoxldes 5, 6, 13, and 14 are unstable, bemg decomposed even when 
rapldly treated with Dowex-50(H+) m a methanol solution Hence, the alkahne 
solutions resulting from the deacetylatlon were neutrahzed by carbone dloxlde A 
gradual decomposition of these compounds was also observed when they were stored 
as well dried syrups at - 10” The acetates 7,8,11, and 12 are sufficiently stable 

A prehmmary study of epoxldes 5, 6, 13, and 14 urlth sweet-almond P-D- 

glucosxdase showed that the enzyme was n-reversibly mactlvated A more detaded 
account of these results will be pubhshed later 

FXPERIMENTAL 

General methods - T 1 c was performed on Slhca Gel LS 5-40 pm f&a Chema, 

CSSR) contalmng 10% of gypsum urlth 4 1 ether-hght petroleum (A), for acetates, 
and ~th 7 3 chloroform-methanol (B), for hydroxyl-contimng denvatives, the spots 
were revealed by cone sulfunc aced at 100-120” Column chromatography was 
performed on Slhca Gel LS 40-100 m (for separation of the 7,s and 11,12 mixtures) 
and LS 100-150 pm (m other cases), the ratio of weight of substance to weight of 
adsorbent bemg l-100 and the ratlo of diameter to length of columns 1 25 Paper 

chromatography was performed on Whatman No 1 paper urlth 14 3 2 acetone-butyl 

alcohol-water, and detection with alkalme sliver mtrate’ 3 Solutions were evaporated 
zn vacua at a bath temperature below 45” Meltmg points were determmed wth a 
Boetms apparatus and are corrected Optical rotations were determmed urlth a 
Perkm-Elmer Model 141 M polarimeter I r. spectra were recorded, for potassmm 
bronude &scs, with a Perkm-Elmer Model 257 spectrophotometer P m r spectra 
were recorded at 100 MHz with a Vanan XL-100 spectrometer, for solutions m 
chloroform-d with tetramethylsllane as internal standard (abbreviations p, proton, 
s, smglet; t, tnplet, q, quartet, and m, multiplet) M s were recorded with a LKB 
Model 9000 spectrometer at 70 eV and an ion-source temperature of 270”. 

(2,3,4,6-Tetra-O-dcetyl-B-D-glucopyrrmose (1) - A solution of 2,3,4,6- 
tetra-O-acetyl-a-D-glucopyranosyl brormde (15 g) m dry tetrahydrofuran (150 ml) 
was added to a stzred solution of vinyl magnesnun bronude Cprepared from vmyl 
brormde (60 ml) and magnesium (14 g)] m dry tetrahydrofuran (250 ml) for 2 h at 40” 
The solution was stirred for 5 h at 60”, cooled, and treated ~th water (100 ml) and 
30% hydrochlonc acid (200 ml) The aqueous layer was separated, extracted with 
ether (3 x 100 ml), and evaporated to dryness, the residue was dned zn zxzcuu for 6 h 
at 50”. The residue was acetylated by stirrmg urlth acetrc anhydnde (300 ml) and 
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sodmm acetate (15 g) for 3 h at lOO”, poured onto ice, extracted urlth chloroform 
(4 x 200 ml), washed with a sodmm hydrogen carbonate solution (3 x 100 ml) and 
with water, and evaporated The residue was chromatographed on sthca gel urlth an 
mcreasmg concentration of ether in light petroleum (1 5 1) The maJor component of 
the mxture was Isolated as a syrup that crystalhzed from hght petroleum-ether to 
@ve 4 5 g (34%) of 1, m p 102 5-103” (ht.* m p S8-89O); [I&’ + 14” (c 1, chloro- 
form), tl c R, 0.49, 1 r data I Ez 1650 (C=C), 1750 (OAc), 3000, 3080 cm-’ 
(C-H, CH, m CH=CHJ, n m r data S 5 6-6 0 (m, -CH=), 4 9-5 4 (m, CHt=), 
4 2 (m, 2H-6’), 2 12 (s, 3 p, OAc), 2 06 (s, 3 p, OAc), and 2 03 (s, 6 p, OAc), m s 
m/e 358 (Mt) and 359 (M+ f 1) 

Anal Calc for C16HZ209 C, 53 6, H, 6 2 Found- C, 53 8, H, 6 1 
(2,3,4,6-Tetra-O-acetyZ-B-D-gZucopyranosyl)n2ethyZ acetufe (4) - A 1% aqueous 

solution of osmlc anhydnde (6 ml) was added to a solution of l(270 mg) mp-dloxane 
(10 ml) and then sodmm penodate (400 mg) was introduced mthm 15 mm The 
suspension was stnred for 1 5 h and extracted with chloroform (3 x 10 ml) The 
extracts were evaporated and the residue (3, RF 0 2, ether) was dissolved m ethanol 
(10 ml) The soWIon was stirred with sodnun borohydrlde (60 mg) for 24 h, filtered, 
treated with Amberhte MB-6, and evaporated to dryness The residue was acetylated 
mth acetlc anhydnde (0 5 ml) m pyrldme (2 ml), cbromatographed on skca gel, as 
described for 1, and crystalhzed from 2-propanol to yield 4 (75 mg), m p 95 5-96 5”, 
[c~]~O0+02”(c1,chloroform),tlc R,03,ms nzJe405(M’+l) 

Anal. Calc for C1 ,HZ401 1 - C,505;H,60 Found C,507,H,61 
Compound 4 prepared by an alternatlve synthesis9 had a double m p., 87-88” 

and 96-97” (lit ’ m p 89O), nuxed m p 96-97” The I r spectra of both samples are 
identical 

B-D-GZucopyranosyZetherze (2) - A 0 1~ sodnun methoxlde solution was added 
to a solution of 1 (2 1 g) in dry methanol (50 ml) to pH 8 After 2 h, the solution was 
treated with Dowex-50 (H’) resm and evaporated to give syrupy 2 (1 05 g, 92%), 
rp(l&’ +30” (c 1, methanol), t 1 c RF 0 5, p c Rclc 2 0, I r data ~2: 1650 (C=C) and 
3200-3500 cm- ’ (OH> 

Anal Calc for CsHr40, C, 50 5, H, 7 4 Found C, 50 2, H, 7 7 
(2,3,4,6-Tetra-O-acetyZ-j%D-gZucopyranosyl)ethane (15) - A solution of 1 

(90 mg) in ethanol (20 ml) was hydrogenolyzed m the presence of 20% palladmm- 
on-carbon (100 mg) for 18 h The reaction rmxture was filtered and evaporated The 
residue was chromatographed on slllca gel, as described for 1, to give syrupy 15 
(80 mg, 89%), [a]g” -14” (c 1, chloroform), t 1 c R, 0 55, I r data JEW 1750 cm-’ 
(OAc), n m r data 6 4 2 (m, 2 H-6’), 3 5-3.8 (m, H-5’), 2 07 (s, 3 p, OAc), 2 02 
(s, 3 p, Oh), 2 01 (s, 3 p, OAc), 1 99 (s, 3 p, OAc), 1 5 (m, Et CH,), and 0 96 (t, 
J 7 Hz, CH3, m s - m/e 361 (M* + 1) 

Anal Calc for C16HZ40g C, 53 3, H, 6 7 Found C, 53 1, H, 6 6 
Dzastereomerzc epoxy-(2,3,4,6-tetru-O-acetyZ-~-D-gZzzcopyranosy~ethanes (7 and 

8) - A suspension of peroxyphthahc acid (80% of active oxygen, 1 14 g, 5 mmoles) 
m a solution of l(358 mg, 1 mmole) m dlchloromcthane (5 ml) was heated m a sealed 
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flask at 43” for 2 days, then peroxyphthahc acrd (1 14 g) was once agam added, and the 
suspension heated for another 2 days. The rmxture was kept overnight at 0”, and then 
the precrprtate was filtered off and washed wrth cold drchloromethane (2 x 10 ml) The 
atrates were treated with a cold 0 1~ potassmm hydrogen carbonate solutron 
(2 x 10 ml) and evaporated to gave a resrdue, which was chromatographed on sthca gel 
wrth Solvent A The more mobile epoxrde 7 was isolated as syrup (108 mg, 29%) and 
crystalhzed from ether-hght petroleum, m p 102-104”, [c&O +3” (c 1, chloroform), 
t 1 c R, 0 32, I r data ei 1755 (OAc), 3000,3030, and 3060 cm-’ (C-H m epoxtde 
ring), n mr. data 6 4 27, 408 (2 q, 2H-6’), 3 5-3 7 (m, H-5’), 2 9-3 1, 2 6-2 8 

r-0-i 
(2 m, CH-CHZ), 2 05 (s, 6 p, OAc), and 1.99 (s, 6 p, OAc), m s m/e375 (M* f I), 
m/e 417 (Mf-!-43) 

Anal Calc for C,,H,20,0 C,513,H,59 Found.C,511,H,59 
Drastereomenc epoxtde 8 was Isolated m a yield of 217 mg (580/o), m p 143-145” 

after recrystalbzatron from ether-light petroleum, [a];* + 12” (c 1, chloroform), 
t 1 c RF 0.24, I r data x$$ 1755 (OAc), 3005,3020, and 3060 cm-’ (C-H in epoxtde 
rmg), nm r data 6 42 (m, 2 H-6’), 3 6-3 8 (m, H-5’), 3 O-3 2, 2 8-2 9, 2 5-27 

r-01 
(3 m, CH-CH,), 2 11 (s, 3 p, OAc), 2 05 (s, 6 p, OAc), and 2 03 (s, 3 p, OAc), m s 
m/e 375 (Mt + 1) and 417 (Mf +43) 

Anal. Calc for C16HZ201 o C,51 3,H,59 Found C,513,H,60 
Drastereomerlc epoxy-@n-glucopyranosyl)ethmles (5 and 6) - A solution of 

0 1~ sodmm methoxlde was added to a solution of 7 (94 mg) m dry methanol (25 ml) 
to pH 8 The solutron was kept overnight at So, treated wrth carbon droxrde, eva- 
porated to 10 ml, passed through a layer of srhca gel (3 x 5 cm) wrth Solvent B 
(150 ml), and evaporated to dryness to grve syrupy 5 (46 mg, 90%), [a];* - 14” 
(c l,methanol), tic RrO45, pc RGlc 1 65, I r data cii 1265 (C-O m epoxrde 
rmg), 1650, and 3200-3500 cm-l (OH) 

Anal Calc for CsH1406 C, 46 6, H, 6 8 Found C, 46 5, H, 6 9 
Compound 8 was deacetylated, as described for 7, to grve syrupy 6 m a yield of 

94%, [N];e -6” (c 1, methanol), tl c RF 0.45, pc RGlc 165, lr data vxBr 1265 max 
(C-O m epoxtde rmg), 1645, and 3200-3500 cm- ’ (OH) 

Anal Calc for CsH1406- C, 46 6, H, 6 8 Found C, 46 4, H, 7 0 
Both 5 and 6 gave an intense posrhve reactron mdlcatmg the presence of an 

epoxrde group6, when tested wrth a sodmm throsulfate solutton. 
2-(2,3,4,6-Tetra-O-acetyl-8-D-glucopyranosyl)-l-pro~e~e (9) - A solutton of 

I&3,4,6-tetra- O-acetyl-a-D-glucopyranosyl bromrde (15 g) m dry ether (100 ml) was 
added to a stnred solutron of Gngnard reagent Cprepared from ally1 brormde (45 ml) 
and magnesium (12 g) m dry ether (250 ml)] for 2 h under reflux The solutron was 
heated and shrred for an addrtronal 5 h under reflux and treated, acetylated, chro- 
matographed, and crystallized, as described for 1, to grve 9 m a yreld of 5 0 g (37%), 
m p 78-78 5”, [a];’ - 8” (c 1, chloroform), t 1 c RF 0 51,1 r. data VEX 1645 (C==C), 
1750 (OAc), 3020, and 3080 cm-’ (C-H, CH2 mCH=CH2),nmr data 655-60 
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(m, -CH=), 4 7-5 4 (m, CH2=), 4 28, 4.08 (2 q, 2 H-6’), 2 09 (s, 3 p, OAc), 2 03 
(s, 6 p, OAc), and 2 01 (s, 3 p, OAc), m s m/e 373 (M+ + 1) (cf- Ref 11) 

Anal Cak for C1,Hz409 C, 54 8; H, 6 5. Found- C, 54 9, H, 6 6 
2-(8-D-Glucopyranosyl)-I-propene (10) - Syrupy 10 was obtamed from 9, as 

described for 2, III a yreld of 92%, [a]g” -6O (c 1, methanol), t 1 c R, 0 55; p c 
R cIc 2 5; I r data ei 920 (CH, m CH=CH,, deform ), 3010, 3030 (C-H, CH, m 
CH=CH,), and 3200-3500 cm- ’ (OH) 

Anal Calc for C9H1605 C, 52 9, H, 7 9. Found C, 52 8, H, 7 9 
1-(2,3,4,6-Tetra-O-acetyZ-8-D-gZucopyranosyrlpropane (16) - Hydrogenolysrs 

of 9, sunrlar to that of 1, gave syrupy 16 m a yreld of 95%, [a]i” - 14” (c 1, chloro- 
form), tic- RF 056, rr data ei 1750cm-l (OAc), nmr data 6426, 407 
(2 q, 2 H-6’), 3 5-3 7 ( m, H-5’), 2 06 (s, 3 p, OAc), 2 02 (s, 3 p, OAc), 2 00 (s, 3 p, 
OAc), 1 98 (s, 3 p, OAc), 1 4, and 0 9 (2 m, CH,CH,CH,), m s m/e 375 (M f + 1) 

Anal Calc for C1,Hz609 _ C, 54 5, H, 7 0 Found C, 54 4, H, 7.1. 
DlastereomerIc 1,2-epoxy-3-(2,3,4,6-tetra-O-acetyZ-~-D-gZucopyrano~~prop~es 

(11 and 12) - A suspensron of peroxyphthahc acid (910 mg) m a solutron of 9 
(372 mg) m drchloromethane (5 ml) was heated for 24 h at 43”, treated, chromato- 
graphed, and crystalhzed, as described for 1, to Bve 11 and 12 The more mobrle 
epoxrde 11 was Isolated m a yreld of 233 mg (60%), m p 116-l 18”, [a];’ -22” 
(c 1, chloroform), t 1 c RF 0 27, I r data ei 1755 (OAc), 3030,306O cm- ’ (C-H m 
epoxrde rmg), nmr. data. 6431, 4 12 (2q, 2H-63, 3 l-3 3, 2 8-29, 25-2 6 

i-07 
(3 m, CH-CH,), 2 10 (s, 3 p, OAc), 2 05 (s, 6 p, OAc), and 2 02 (s, 3 p, OAc), m s 
m/e 389 (Mf +l) and 431 (M* +43) 

Anal. Calc for C, ,Hz401 ,-, : C,526,H,62 Found C,526;H,63 
Drastereomenc epoxlde 12 was Isolated m a yreld of 58 mg (15%), m p 113- 

1 15”, [a];” - 10” (c 1, chloroform), t 1 c . R, 0 23, I r data vkt; 1755 (OAc), 3010, 
3030, and 3060 cm-l (C-H m epoxide rmg), n m r data 8 4 2 (m, 2 H-6’), 3 O-3 2, 

roi 
2 7-2 8, 2 4-2 6 (3 m, CH-CH,), 2 06 (s, 3 p, OAc), 2 00 (s, 6 p, OAc), and 1 98 
(s, 3 p, OAc), m s m/e 389 (M++l) and 431 (M+ +43) 

Anal Calc for C17H24010 C,526,H,62 Found C,524,H,63 
Duzstereomerrc 1,2-epoxy-3-(8-D-gZucopyranosyZ)propanes (13 and 14) - Syrupy 

13 and 14 were obtamed from 11 and 12, respectrvely, as described for 5 and 6 
The epoxrde 13 was isolated m a yield of 90%, [a];’ - 14” (c 1, methanol), 

tic R,047, PC* RGlc I 8, I i data pd 1265 (C-O m epoxrde ring), 1645, and 
3200-3500 cm- l (OH) 

Anal Cab for C9H1606 C, 49.1, H, 7.3 Found C, 49.0; H, 7.5. 
The epoxrde 14 was Isolated m a yreId of 94%, [a];’ -2” (c 1, methanol); 

tic R,O47; pc RGlc 1.8; I r data Fd 1265 (C-O m epoxide rmg), 1645, and 
3200-3500 cm- ’ (OH) 

Anal Calc. for C9H1606 C, 49 1, H, 7 3. Found C, 48 8 ; H, 7 4. 
Both 13 and 14 l&e 5 and 6 show a positive test6 for an epoxrde group. 
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