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Synthesis of the 2-Deoxyisomaltose Analogue of Acarbose 
by an Improved Route to Chiral Valieneamines 

Tina M. Tagmose and Mikael BoIs* 

Abstract: A 2-deoxyisomaltose analogue 
of acarbose was stereoselectively synthe- 
sised in 11 steps with a total yield of 7 %  
starting from 2,6-dibromo-2,6-dideoxy-~- 
mannono-I ,4-lactone ( 6 ) .  The latter was 
reduced to  the lactol, converted to the 
methyl glycoside (7) and hydrogenated to 
the methyl 6-bromo-2,6-dideoxyglycoside 
(8). Benzylation of the hydroxy groups, 
elimination of bromine to a Sene  and 
Ferrier carbocyclisation gave (2S,3R)-2,3- 
bisbenzyloxycyclohex-5-enone (1 2). 1,2- 
addition of benzyloxymethyl lithium at  
-110°C gave a 6 : l  mixture of tertiary 

alcohols 13; the (IS) isomer was the ma- 
jor one. Reaction with trichloroacctyl iso- 
cyanate gave a carbamate 19, which, when 
dehydrated to the cyanate, spontaneously 
underwent [I ,3] sigmatropic rearrange- 
ment to an isocyanate, which on addition 
of methanol gave the methylcarbamate 
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Introduction 

During the last decade scientists have been keenly interested in 
mimicking the transition state for glycoside cleavage, particular- 
ly with the purpose of creating highly selective glycosidase in- 
hibitors."] Selective glycosidase inhibitors have a number of 
very interesting applications such as treatment of AIDS,[" dia- 
betes,[31 and tumour metastasis.[41 The transition state can be 
divided into a glycon part and a n  aglycon part (Figure 1). So far 
most studies have limited themselves to mimicking the glycon 
portion, while the aglycon portion has largely been ignored. 

HO 6 +  H? 

20. Basic hydrolysis of this compound 
gave (2R,3R,5R)-5-amino-l-benzyIoxy- 
methyl-2,3-bis(benzyloxy)cyclohex-6-ene 
(22), which could be deprotected to 2-de- 
oxyvalieneamine ( 5 ) .  Reaction with 2-azi- 
doethyl 2,3,4-tri-O-benzyl-6-O-triflyl-cc- 
D-glucopyranoside (34) gave the second- 
ary amine 35, which was completely de-0- 
protected with sodium in ammonia to give 
6-deoxy-6-((1 R,3 R,4R)-3.4-dihydroxy-S- 
hydroxyniethylcyclohex-5-enylamino)-~- 

rearrangements * glucose (4), the 2-deoxyisomaltose ana- 
logue of acarbose. 

During recent years there has been a growing awareness that 
transition-state analogues that mimic both the aglycon and gly- 
con parts will in all likelihood be more selective and potent 
inhibitors.[51 

We have for some years been interested in creating this type 
of transition-state analogue for a different purpose: the creation 
of catalytic antibodies that could cleave a glycosidic bond. For 
that purpose it was important that such analogues could mimic 
the entire transition state and not just a portion of it, because the 
antibodies were to be isolated by binding to  the analogue, and 
if the analogue was too small, many binding antibodies could be 

expected to have a potential active site too sinall to 
fit the substrate. In this project we decided to try p:-,.~Oy H v , ~ - " ~  H to create transition-state analogues of 2-deoxyiso- 

6 +  6 +  maltose (6-O-(2-deoxy-~-uruhino-hexopyranosyl)- 
HO\Y"' '*OH HO$ "',,,o HO"'" o,\v~,' "',,,o D-glucose, Figure 1) with the intent of creating an 

antibody that could join two unequal monosaccha- 
rides in a specific manner. In order to have the best -- 

glycon aglycon 2-deoxyisomaltose possible chance of getting a good transition-state 
analogue, we decided t o  make the four structurally 
diverse compounds 1-4 (Figure 2). The rationale 
behind these compounds was as follows: the pipe- 
ridine 1 was the 2-deoxyisomaltose analogue of a 

simple piperidine used successfully to create catalytic antibodies 
that could cleave a tetrahydropyranyl ether.[61 Iminoglycoside 2 
was based on a known potent glucosiddse inhibitor modified 
with a L-xyloside to  mimic the aglycon part. Amine 3 was made 
to create an antigen that would induce formation of a catalytic 

OH OH OH OH 

Transition state 

Figure 1. The transition state for glycoside cleavage, showing glycon and aglycon segments, 
alongside 2-deoxyisomaltose. 
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HO Synthesis of valieneamine has been given a great 
deal of attention in the literature, and we therefore 
tried to  use that information in the synthesis of our 

HO,,\*>, o,\w" "OOH deoxy analogue. However it quickly occurred to us :y:v..,,q,oH OH 2 OH that most of the stereoselective synthe~es[ '~- ' '~  
were very long, particularly because a tedious proce- 
dure of functional group conversions was carried 
out a t  the end of the synthesis to get the important 
trisubstituted double bond in the right position. 
Since in a stereoselective synthesis from a carbohy- 
drate precursor a deoxy analogue actually is more 

OH OH OH complex to make than the fully hydroxylated com- 
pound, we needed to improve and shorten the syn- 

p-(J OH 1 OH 

HO 

HO" 

4 J 

Figure 2.  Four possible Lransition-state analogues: piperidinc 1. iminoglycosidc 2, 
ainiiie 3 and the target compound. 2-deoxpisomaltose analogue 4. 

acid group in the antibody. We have previously reported the 
synthesis of compounds 1-3.[7-101 In this paper we report the 
synthesis of 4. 

Acarbose["] (Figure 3) and its analogues are the only natu- 
rally occurring glycosidase inhibitors that appear to  mimic both 
glycon and aglycon. Indeed acarbose is extremely potent and 

thesis of these molecules. We envisioned that the 
synthesis of valieneamine would be much shorter if 
substitution with the amino group could take place 
in an allylic fashion with the double bond rearrang- 

ing into place at  the same time. The synthesis of 4 was planned 
as shown in Figure 4. Compound 4 could be obtained from a 
functionalised cyclohexene with a leaving group at  the allylic 
position, either by an S,2' reaction or by an intramolecular 
substitution, to introduce a nitrogen. Either a 6-amino-6- 
deoxyglucose derivative could be coupled with an allylic acetate 
by palladium catalysis, or alternatively 5 could be coupled to 
a 6-triflate of glucose. Deoxyvalieneamine 5 itself could be 
prepared from the allylic alcohol by allylic substitution (S,2' 
or palladium-catalysed) with an amine or  azide. The allylic 
alcohol could be prepared from a cyclohexenone by 1,2- 
addition with benzyloxymethyllithium (Figure 4). The cyclo- 
hexenone could be made from a 2-deoxy sugar derivative by a 
Ferrier carbocyclisation; a 2,6-dideoxy lactone could be con- 
verted into the 2-deoxy sugar derivative, and we thus decided to 

The best synthesis of valieneamine so far actually uses a sim- 
ilar principle.['71 4,5,6-tribenzyloxycyclohex-2-enone was sub- 
stituted with benzyloxymethylmagnesium chloride to a tertiary 
alcohol that, when converted to an acetate, underwent pal- 
ladium-catalysed allylic substitution with azide or benzylamine. 
This led to p-valieneamine. Alternatively treatment of the ter- 
tiary alcohol with thionyl chloride gave the allylically rear- 
ranged chloride, which, on nucleophilic substitution with azide, 
reduction and so on, led to  valieneamine. The problem in this 

selective in its inhibition. A key constituent of acarbose is the 
aminocyclohexene valieneamine (Figure 3). It is generally be- 
lieved that valieneamine resembles the glycon of the transition 
state quitc well, because it has a flat half-chair structure similar 
to an oxocarbenium ion, and the exocyclic nitrogen, when pro- 
tonated, will be expected to mimic the protonated exocyclic 
oxygen of the glycoside substrate. A somewhat similar com- 
pound, a manno-valieneamine bonded to the 4-position of man- 
nose, has been made by Brimacombe and co- 
workers," and this compound very selectively 
inhibits r-mannosidase with a K, of 30 ~ L M .  Our Ho p.,d9T H 
strategy for preparing 4 was to create a 2-de- 
oxyisomaltose analogue of acarbose by binding 
the 6-position of glucose to the nitrogen of 2-de- 

oxyvalieneamine 5.  Racemic 5 has previously 4 OH OH 
been synthesised by Ogawa et aI.[l3] starting 

acid in an 18-step synthesis with multiple func- ~f0-v~ HO 1;3;~~~ BnO 

o9 

from functionalised cyclohexanes derived from 
~~zdo-7-oxabicyclo[2.2.l]heptane-2 carboxylic 

tional conversions. No disaccharide analogue 

had to include synthesis of optically active 5, or 
a precursor of 5, and coupling that to the 6-po- OBn OBn OBn 

BnO H2NToR 
HO,\\s+' =. BnO*\~" BnO,\+'. ""OBn HO"'"' 

OBn OBn 

0 

BnO,\*+, 
3 

BnOU\>," 
3 of 5 was known. Our synthetic plan therefore B"O,\~~~"' '"OBn HO'""' 

5 OH 

sition of a suitable glucose derivative. Figure 4. The planned synthesis of 4. 
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,,\o\OMe 1) HgCl2 BnOCH2Li - 
2) MsCl 

84% 

THF, - 1  lO0C 
71% (S/R 6:l) 

OBn OBn 
12 

synthesis is the use of benzyloxymethylmagnesium chloride, 
which in our experience is unstable, unreliable and difficult to 
prepare. 

Results and Discussion 11 

2,6-D~bromo-2,6-dideoxy-~-mannonolactone (6) could readily 
be prepared from inexpensive D-ghCOnO-l,5-lactone in one 
step.['8. 191 Lactone 6 (Scheme 1) was converted to methyl-2,6- 
dibromo-2,6-didcoxy-a-~-arabino-hexopyranoside (7) by reduc- 
tion with sodium borohydride in the presence of acidic ion-ex- 
change resin, to keep the pH below 6, followed by glycosidation 
in acidic methanol.[2o1 The product was a 7:l  mixture of 
anomers, but the a anomer, the main product, was isolated by 
chromatography in 48 % yield. The secondary bromine was se- 
lectively reducedL2'' by hydrogenation with PdjC in the pres- 

A 
OBn 

100% I 
OBn 

13 14 

Scheme 3. Ferrier carbocyclisation of 11 with mercuric chloride to give the P-hy- 
droxycyclohexanone, which gives enone 12 after elimination with mesyl chloride. 
Regioselective I,'-addition of benzyloxymethyllithium prepared in situ to 12 
at -78 'C furnishes 13(IS) and 13(1R). Tertiary alcohol 13 is acetylated by acetic 
anhydride in triethylamine catalysed by DMAP to yleld 14 

OH 1) NaBH4 

2) MeOH 
Regiosclective 1,2-addition of benzy- 

loxymethyllithium prepared in situ to the cy- 
clohexenone 12 at - 78 "C resulted in a mix- 
ture of 13(1S) and 13(1R) in the ratio 1 : l .  
Lowering of the reaction temperature in- 
creased the stereoselectivity of the addition 
(Table 1). At -110°C a 6 : l  mixture of 

EtOH, Et,N 

XO% 
58% alp 7:1 

OH OH 
8 6 7 

,~+OMe - - 
OBn 

11 

Table 1 .  Effect of temperature on BnOCH,Li addition 
to 12. 

Temperature (") Ratio 13s:  13R 

BnOC(NH)CC13 B~T NaH, DMF 

Brio\+" 
69-73% TfOH 

76% OBn 

10 

Scheme 1. Conversion or lactone 6 to 7 by reduction with sodium borohydride in the presence of acidic 
ion-exchange resin followed by glycosidation in acidic methanol; selective reduction o f 7  by hydrogenation 

conditions by treatment with benzyl acetimidate and triflic acid to give 10, followed by elimination with 
with Pd;C In the presence of triethylamine to give the 2-deoxyglycoside 8, and benaylation of 8 under acidic -" -'' 61 '/o 1 : l  

63 'Yo 3.4: 1 
sodium hydride, to furnish alkene 11. -110-5 I 1  % 6: 1 

ence of triethylamine to give the 2-deoxyglycoside 8 in 80 % 
yield. An attempt to benzylate 8 under basic conditions with 
sodium hydride and benzyl bromide resulted in intramolecular 
substitution to give methyl 3,6-anhydro-4-0-benzyl-2-deoxy- 
glucopyranoside (9) in good yield (Scheme 2). Instead benzyla- 
tion of 8 under acidic conditions by means of Bundle's proce- 
dure was which involves treatment with benzyl ace- 
timidate and triflic acid. This gave 10 in 76% yield (Scheme 1). 
Elimination of the primary bromine with sodium hydride gave 
alkene 11 in 73 % yield. Enone 12 (Scheme 3 )  was obtained by 
the Ferrier carbocyclisation[221 of 11 with mercuric chloride to 
give the [j-hydroxycyclohexanone (some methyl 6-chloro-3,4- 
di-O-benzyl-2,6-dideoxyhexopyranoside was formed as by- 
product), which gave 12 after elimination with mesyl chloride in 
a yield of 84 YO (some o-benzyloxyphenol was formed). 

8 

60% I 
OBn 

9 

Scheme 2 .  Intramolecular substitution of 8 under basic conditions with sodium 
hydride and benzyl bromide to give 9. 

13(1S) to 13(1R) was obtained in 71 YO yield. The stereochemis- 
try of the two isomers could not be determined at this point. 
Attempted benzyloxymethylation of 12 with benzyloxymethyl- 
2-pyridylsulfone and samarium diiodide under samarium Barbi- 
er conditions[231 was, however, unsuccessful. 

The tertiary alcohol 13 could be acetylated in very high yields 
by acetic anhydride in triethylamine catalysed by DMAP 
(Scheme 3). The isomers of 14 could be separated by flash chro- 
matography. However, attempts to mesylate, trifluoromesylate 
or make a trichloroacetimidate (by reaction with base and 
trichloroacetonitrile) were unsuccessful owing either to decom- 
position or lack of reaction. 

We now attempted palladium-catalysed couRling of a 6- 
aminoglucose derivative with allylic acetate 14. For this purpose 
we synthesised a 6-aminoglucose starting from methyl 2,3,4-tri- 
O-benzyI-a-~-glucopyranoside~~~~ (15, Scheme 4). Alcohol 15 
was converted to mesylate 16r25' in 87 % yield; displacement 
with NaN, gave azide 17[26,271 in quantitative yield. Finally 
reduction with Lindlar catalyst gave amine 18[27' in quantitative 
yield. All attempts to couple 18 and 14 under palladium catalysis 
failed, however. 

Treatment of the allylic alcohol 13 with trichloroacetyl iso- 
cyanate at 0 "C in dichloromethane and subsequent filtration 
through aluminium oxidc gave the corresponding allylcarba- 
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HO  OM^ 1 )  !z ~ t 3 ~  ' 3 3  ,:om ~2 ~ H2Np , , p M e  Acetylation of 5 gave the corresponding te- 
traacetate 23, previously prepared in 
racemic form by Ogawa et al."3J Compari- 
son of the published ' H N M R  chemical 

OBn OBn shifts showed thdt thc triacetate 23 had an OBn 

15 17 18 a-acetamido group, and hence 5 had an  
x-amino group as in valieneamine. With 

- Lindlar 

100% 100% 
BnO\""' """oBn ""00s n BnO,\+ " ' ( 0 ~ ~  2) NaN?, DMF BnO~x\%" 

Schemc 4. Synthesis of a 6-aminoglucosc starting from 15. The alcohol 15 is converted to mesylate 16; 
displacemen1 with NaN, gives azide 17. which is reduced with Lindliir catalyst to iimine 18. 

13 19 

BnO BnO yyYOR NaOH. ___ DMSO @.,\\\" 

OBn OBn 

BnO\\\%L' 0 X5% BnO,\\'\,' 

22 
2 0 R = M e  
21 R = CH?CH?TMS 

Scheme 5 .  Treatment of allylic alcohol 13 with trichloroacetyl isocyanate at 0 C in 
dichloromcthane to eive allylcarbainate inixture 19; dehydration of 19 to the cyanate with triflic 
anhydride to give an isocyanate. which is trapped with methanol to give methylcarbamate 20, o r  
w i t h  2-triinethylsilylctha1i~l to give 2-(trimethylsi1yl)ethylcarbamate (21); hydrolysis of 20 by 
aqueous sodium hydroxide in dirnethylsulfoxide at  100 C to furnish amine 22 

mate mixture 19 in 98 O/o yield (Scheme 5). The isomers could be 
separated at  this point with some difficulty; however, frequently 
it was more convenient to  carry out the subsequent reactions on 
the mixture. Dehydration of the allylcarbamate to the cyanate 
by triflic anhydride treatment resulted in a [1,3] sigmatropic 
rearrangement to give an isocyanate, which was trapped with 
methanol to give the methylcarbamate 20. The isocyanate could 
alternatively be trapped with 2-trimethylsilylethanol to give 2- 
(trimethylsily1)ethylcarbamatc 21. Carbamate 20 was not stable 
to  storage at  5 "C for longer periods. On the other hand attempts 
to hydrolyse the isocyanate directly to the amine 22 with mineral 
acid or aqueous sodium hydroxide were unsuccessful because of 
partial formation of the urea derivative. This type of rcarrange- 
mcnt is known to be regioselectivc.[2s1 The chirality is trans- 
ferred to the newly developing asymmetric centre. When 19(1S) 
was dehydrated, only one isomer of the methylcarbamate 20 was 
obtained. If a mixture of 19(1S) and 19(1R) was used in this 
reaction, the ratio of 20(5R) and 20(5S) was the same after the 
rearrangement. At this step the isomers were not separable. 
Hydrolysis of the methyl carbamate 20 by aqueous sodium hy- 
droxide (10 cquiv) in dimethylsulfoxide at  100 "C gave the 
amine 22 (Scheme 5). From a starting mixture of isomers of 20 
only the major isomer of the amine 22 was isolated. When only 
5 equiv of sodium hydroxide was used a mixture of isomers was 
obtained. This observation could be explained by an isomerisa- 
tion at C-4, or more likely by decomposition of the minor iso- 
mer. A change in the solvent to ethanol or dioxane resulted in 
reduced yields. 

Ainine 22 was debenzylated by reduction with sodium in 
liquid ammonia, resulting in 5 with the double bond intact. 
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knowledge of the mechanism of the stcreo- 
selective rearrangement, the major isomer 

of 13 resulting from the 1,2-addition was determined 
to be the 1s-isomcr 13(1S). with the tertiary hydroxyl 
group on the same side of the ring as the neighbouring 
benzyloxy group. Panza et aI.["' performed a similar 
1,2-addition in the synthesis of valieneamine. Use of 
benzyloxymethylmagnesium chloride resulted in re- 
gio- and stereoselective addition to givc a cyclitol (a 
derivative of 13), with the oppositc relative stereo- 
chcmistry at the newly formed asymmetric centre 
compared with 13(1S). It is known that thc stereose- 
lectivity of the addition of a Grignard reagent can be 
the reverse of that obtained with the corresponding 
organolithium reagent.1291 The difference in selectivi- 
ty has bccn explained by chelation of the magnesium 
to a nearby benzyl ether, which cannot occur with 
lithium. The same phenomenon could indeed have 
occurred here; this is supported by our findings that 
13(1S) was the major isomer. 

This new synthesis of 5 consists of 11 steps from thc 
inexpensive carbohydrate 11-gluconolactone and is the 

first stereoselective synthesis of the compound. The synthesis 
could also be expected to be useful for an improved synthesis of 
valieneamine itself. 

With 22 to hand, in order to construct 4 we needed only to 
carry out a n  electrophilic attack at  nitrogen with a glucose 
derivative carrying a leaving group in the 6-position. Therefore 
a number of different glucose derivatives with leaving groups in 
the 6-position were prepared (Scheme 6). Since it would be de- 
sirable to be able to link the molecule to an affinity column, the 
azidoethyl glycosides were made. Azidoethyl glycoside 25 was 
prepared in 80 YO yield from the known[301 chloroethyl glycoside 
24. After deacetylation to the 2-azidoethyl-~-~-glucopyranoside 
26, selective tosylation of the primary alcohol to the tosylate 27 
followed by persilylatioii gave 2,3,4-tri(trimethylsilyl) ether 28. 
Tosylate 28 could be converted to iodide 29 in quantitative yield 
by nucleophilic substitution with potassium iodide in DMF. 
However, the attempted nucleophilic substitution with 22 of 27, 
28 and 29 was unsuccessful. It thus became clear that the amine 
22 was a rather poor nuclcophile, and that tosylate or iodide 
werc too poor leaving groups for the reaction. Triflate thercfore 
had to be used as leaving group. As a model experiment, alcohol 
15 was converted to the 6-O-triflateL3'I by reaction with triflic 
anhydride and Hiinig's base and then subjected to nucleophilic 
substitution with cyclohexylamine. This gave methyl 2,3,4- 
tri-O-benzyl-6-(cyclohcxyl)amino-6-deoxy-a-~-glucopyranoside 
30 smoothly and in 78 O h  yield. 

We then prepared a suitable triflate (Scheme 6). Levoglu- 
cosane was perbenzylated to the tribenzylether 31r32.333 and 
treated with 2-chlorocthanol and an acid to  open the 1,6-anhy- 
dride and give the 2-chloroethyl glycoside 32 in 60-76% yield. 
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24 26 29 

31 32 34 

Scheme 6. Preparation of aridoethyl glycoside 25 from chloroethyl glycoside 24. deacetylation to glucopyra- 
noside 26. selective tosylation lo 27, and persilylation to yield 2.3.4-tri(trimethylsilyl) ethei- 28, which is 
converted to iodide 29 by nuclcophilic substitution with potassium iodide in DMF. Treatment of the triben- 
zylether of levoglucosane (31) with 2-chloroethanol and an acid to open the 1,6-anhydride gives 2-chloroethyl 
glycoside 32: nucleophilic substitution with NaN, (cat. K1) gives 2-aridoglycoside 33, anomer 33m is treated 
with triflic anhydride and Hiinig's base to yield triflate 34. 

Nucleophilic substitution with NaN,, with KI as catalyst, gave 
the 2-azidoglycoside 33 in 86 O/'n yield as a mixture of anomers. 
These could be separatcd, and for the sake of spectral simplicity 
the a-anomer was used henceforth. Alcohol 33a was treated with 
triflic anhydride and Hunig's base to yield triflate 34. 

Amine 22 and triflate 34 were allowed to react in the presence 
of Hiinig's base (Scheme 7). This they did smoothly to furnish 
the secondary amine 35 in 78 '/n yield. Finally deprotection with 
sodium in liquid ammonia gave 4. 

Bn 

OBn 
22 

Na - NH3 
* 

100% 

Scheme 7. Amme 
deprotection with 

Table 2. Glycosidase inhihilion ( K ,  in l ib%) 01'4 end 5. 

Enzyme 5 4 

z-glucosidase (bakers' yeast). pH 7 S >XOO > I000 
z-glucosidase (bakers' yeast), pH 6.8 > XOO 311 
a-glucosidase (bakers' ycii\L). p H  6.7 > X 8 0 0  450 

> 1000 
8-glucosidase (almonds). pH 6.X ~ > ionn 
'x-mannosidase (Jack bean). pH 5 2 
isomaltase (yeast), pH 6 X > 1000 > 1000 
glycogen phosphorylaae. lt,, > 350 

sition-state analogue. Valieneaminc is a 
rather weak glycosidasc inhibitor[34. 3 5 1  and 
when protonated does not have a positive 
charge in the ring, which might bc crucial. 
The oligosaccharide analogues of valie- 
neamine (acarbose, methyl acarviosinc and 
oligostatins) are good inhibitors of 2-glu- 
c o s i d a s e ~ , [ ~ ~ ]  but it is noteworthy that inhi- 
bition by these molecules does not decreasc 
when the double bond in the valieneamine 
portion of the molecules is saturated, and 

actually increases when water is added accross the double 
bond.[343 351 This indicates that the gcometry of the valie- 
neamine structure is unimportant for the inhibition by these 
compounds. (Ogawa et al. have, however, recently found a de- 
crease in inhibitory activity when the 6-hydroxy analogue of 
methyl acarviosine was saturated.["~ 3R1) 

In this paper we have presented the first stereoselectivc syn- 
thesis of 2-deoxyvalieneamine (5 )  and a synthesis of thc corre- 
sponding isomaltose analogue 4. It is likely that the synthctic 

method developed can be employed as an 
improved method to prepare valieneumine 

r N 3  derivatives. 
, ,.,A\O 

t 

78% Bn@>+ BnO,,\\"' Experimental Procedure 

General: i3C N M R  and 'H N M R  spectm were recorded 
on Bruker AC200, AC250 and AM500 instrumcnts. 
When CDCI, was used as solvent. TMS and CDCI, ( I3C 
N M R :  6 = 76.93) were used as references: when D 2 0  was 
used, acetone (13C N M R :  6 = 29.8. 'H N M R :  ri = 2.05) 
was used as reference. Mass spectra were obtained on a 
VG TRIO-2 instrument. Melting points were uncorrect- 
ed. Optical rotations were measured on a Perkin Elmer 
141 polarimeter. Microanalysis was carried out by Leo 

"""OB n 

OBn 

35 

HO yyT 
HO,\'"' HO""" WOH 

OH OH 
A Microanalytical Laboratory, Ballerup (Denmark). Mix- - 

tures were concentrated with a rotary e\aporntor at a 
temperature below 40 'C. All reactions were performed 
under an atinorphere of inert %as (nitrogcn o r  argon).  

22 and triflate 34 rcilct in the presence of Hiinig's base to furnish secondary amine 35, 
sodium in liquid aiiimonili gives 4. 

The glycosidase inhibition of compounds 4 and 5 was invcsti- 
gatcd (Table 2). Weak inhibition of a-glucosidasc by 4 at  slightly 
acidic pH was observed, but other glycosidases were not inhib- 
ited by the compounds. Very surprisingly no inhibition of iso- 
maltasc was observed. It is possible that the lack of inhibitory 
activity of these compounds was caused by the lack of a 2-hy- 
droxy group in the cyclohexene ring. In that case compound 5 
might still be a good transition-state analogue for a catalytic 
antibody that can make 2-dcoxyisomaltose. However, it might 
also be that the valieneamine structure is not such a good tran- 

Methyl 2,6-dibromo-2,6-dideoxy-a-~-mannopyrannside 
(7):119] 2,h-Dibromo-2,6-dideoxy-~-mannolactoiie (6 .  30.0 g, 33 minol) was 
dissolved in water (100 mL) and ethanol (50 mL) and cooled. while being 
stirred, to 0 "C. Ion-exchange resin (Amberlitc IR 120. H '~ 20 mL)  was added 
followed by sodium borohydride (1.2 8, 32 mmol) in small portions to keep 
the pH below 6. The reaction mixture was filtered and washed with water and 
methanol. Concentration of the combined filtrates gave a crude product 
(10.53 g).  This was boiled in methanol (100 mL) containing conc. sulfuric 
acid (2.6 mL) for 46 h,  then neutralised with pyridine and concentrated. The 
product was partitioned between diethylether (40 n i l )  and water (30 mL) 
The water phasc was extracted twice with ether (40 mL). The combined 
organic layers were dried (Na,SO,) and concentrated to givc 7 as ii viscous 
liquid in 58% yield (6.08 g. r ! [ j  7 : l ) .  The r-isomer""' could be isolated by 
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chromatography with CH,Cl,/MeOH 20: 1 as solvent, in 48% yield (5.07 g). 
"C NMR (CDCI, 62.9 MH7): 8 =100.7 (C-f), 71.9, 69.8, 68.9 (C-3, (2-4. 
" - 5 ) .  55.1 (C-2), 54.4 (OCH,), 32.9 (C-6). 

Methyl 6-bromo-2,6-dideoxy-a-o-arabino-hexapyranoside (8)  : Methyl 2 . 6 4 -  
bromo-2,h-dideoxy-c-o-mannopyranoside (7, 5.24 g, 16 mmol) was dissolved 
in cthiinol(100 iiiL). Triethylamine (8.2 mL) and palladium on charcoal ( 5 % ,  
40(1 mg) were added. The solution was hydrogenated at  1 a tm and 20 C for 
19 h. Filtration and concentration gave a residue from which triethylamins 
salts were precipitated from ethyl acetate. Concentration of thc filtrate gave 
a \iscous liquid, which was purified by flash chromntograpy in EtOAqpen- 
tane2: I  and 3 : l  togivecompound8in 80% yield(3.18g).[r]F = +109.8" 
(c ,  = 1 06. CHCI,); MS (CI. NH,): rn;z = 259,260 ("Br. 61Br, [ M  + NH;]); 
'-'C NMR (CDCI,. 62.9 MHz): b = 98.4 ( ( : - I ) ,  74.0, 70.4, 68.8 (C-3, C-4. 
C-5) ,  54.9 (OCH,). 37.3, 33.7 (C-2, C-6): ' H N M R  (CDCI,, 500 MHL): 

J,,~,,=9.5..1,.~,,=5H~),3.74(dd,H-6b,J,,,,,=10.5,.1~,,,,=2Hi!),3.69 
(ddd. 1H. H-5. J5,4=Yr Jj , , ,=5.5Hz).  3.63 (dd, l H ,  H-6a), 3.38 ( I H ,  
H-41, 3.37 (s, 3 H ,  OCH,), 2.14 (ddd, 1 H, H-2eq, J2t,,2rr =13, 
.J2, ,$,  , = 1  Hz), 1.70 (ddd, I H ,  H-2,,); anal. calcd. for C,H,,BrO,: C 
34.X7'XI. H 5.34%: found: C 34.22%. H 5.70%. 

rT=4.82 (d, l H ,  13-1, J , , , = 3 . 5 H z ) ,  3.94 (ddd, I H ,  H-3, J , , 4 = I l . 5 3  

Methyl 3,6-anhydr0-4-0-benzyl-a-~-u~u~~~u-hexapyrannside (9): A solution 
of methyl 6 - b r o m o - 2 , 6 - d i d e o x y - r - ~ ~ ~ ~ f ~ ~ ~ i ~ i ~ ~ - h e x a p y r ~ i n o s i ~ e  (0.20 g. 
0.8 mmol) in dry D M F  (3 mL) was cooled to O'C, and a suspension of 
sodium hydride (S5 -~65" /0 ,  0.370 g) was added. After the initial gas evolution 
had decreased. beiizyl bromide (0.40 mL. 3.3 mmol) was added. The reaction 

tirred at  20 C for 21 h, and methanol (12 mL) was added. The 
solvent was removed under reduced pressure. To the residue was addcd water 
(15 mL), and the aqueous phase was extracted with ether (4 x 15 mL).  The 
combined organic layers were dried (Na,SO,) and concentrated. The crude 
product 9 was purified hy flash chromatography with hexane;ethyl acetate as 
eluciit. A slightly yellow viscous liquid was obtained in 6046 (0.120 g) yield. 
MS (C1. NH,): 171jz = 268 [ M  +NHf] ;  13C N M R  (CDCI,, 62.9 MHz): 
ii -137. 128.1. 127.5 (Ph), 98.0 ( C - l ) ~  75.7. 73.1. 72.3 (C-3, C-4, C-5) ,  71.4 
(O('H,Ph), 69.3 (C-61, 56.1 (OCH,). 32.6 (C-2);  ' H N M R  (CDCI,, 
250 MH7): 6 =7.35 (m, 5H.  Ph).  5.02 (dd, l H ,  H-1, J,,,,, = 9, 
.I, ? , , = 4 H z ) .  4.79. 4.64 (2d. 2H.  OC'H$'h, . J=12Hz) ,  4.44 (brs,  IH,  
H-5). 4.2X (t. 1H. H-3. J3,,, ,=4.5Hz), 4.17 (d, I H ,  H-6b, 
./hh,hi = I 0  Hz). 3.93 (dd, 1 H, H-6:~. J6L,,.5 = 3 Hz), 3.78 (dd, 1 H, H-4, 
. J 4 , s = 2 . S H ~ ) . 2 . 1 1  (dd . l€ i ,H-2 ,~ , J , , , , , , , ~=I3Hz) ,1 .94 (d t , lH ,H-2 , , ) .  

Methyl 3,4-d~-~-benzyl-6-bromo-2,6-dideoxy-~-~-u~~~~~~u-hexapyranoside 
(10): To a solution of methyl 6-bromo-2,h-dideoxy-cc-u-nrcrhino-hex~1~~y~~- 
nwidc (8. 0.57 g. 2.4 mmol) in C:H2CI, (3 mL) was added henzyltrichloroace- 
tiinidate (2.39 g, '1.5 mmol) in cyclohexane (6 mL). The solution was made 
weahly acidic by addition 01 trifltioronlethanesulfonic acid (65 pL),  The pre- 
cipitatcd trichJoroacetamide was filtered oft' and washed with CH,CI, 
(20 mL) after stirring at room temperature for 24 h. The organic phase was 
extracted with sat. NaHCO, (2 x 15 niL) and water (15 mL).  Drying (Mg- 
SO,) and concentration gave a crude product. which was purified by flash 
chromatography with hexane;EtOAc 9: 1 and 4:1, or CH,CI,:pentane 10: 1, 
t o  give compound 10 in 76% yield (0.76 g). [i(]b2 = + 74.9- (c = 0.95. 
CHCI,); ' ,C NMR (CDCl,, 62.9 MHz): 6 =138, 128.0, 127.6. 127.4, 127.2 
(Phj.98.1 (C-l).79.7,76.9(C-3.C-4),74.8, 71.3(OCH,Ph),69.5(C-5),54.4 
(OCI{,).34.9. 33.8(C-2.C-h);'HNMR(CDCI,,500 MH7) :b  = 7  4(s. 10H, 
Ph). 4% (brd,  1 H. H-I, . / l , , : ,x  = 3.5 W L ) ,  5.03, 4.74, 4.70, 4.63 (4d. 4H. 
2O('N,Ph. . J = l l H z ) .  4.02 (ddd. l H ,  H-3, . J3 ,24x= l l ,  J 3 , , = 9 .  
. 1 ,~ ,~~ ,=5H~) ,3 .X2(ddd ,1H, I -1 -5 , . 1 , , ,=9 , . / , , , ,=5 , . / s , , ,~~~2 .5H/ ) ,3 .72  
(dd. 1 H. H-hii. Jh,,,6b = 10). 3.69 (dd, 1 H,  H-hb), 3.53 (t. 1 H, H-4), 3.37 (s, 
3H. OCH,). 2.34 (ddd, l H ,  H-2,,, .JZrq,2rr =13, J,.,,, =I Hr), 1.74 (ddd. 
I I1. € I - ? . , , ) ;  anal. calcd. for C,,H,,BrO,: C 59.87%, H 5.98%. Br 18.96'!'0: 
found: c' 60.29%. H 5.98%. Br 19.47%. 

Methyl 3,4-dibenzylox~-a-o-threo-hex-5-enopyranoside (1 I):  To a solution of 
methyl 3,4-di-O-henzyl-6-bromo-2,6-dideoxy-x-~-nucrhino-hexapyranosidc 
(10. 0.209 g, 0.5 mmol) in dry D M F  (3 mL) was added a suspension of 
sodium hydride ( 5 5 -  6 5 % ,  0.130 g. 3.0 mmol) a1 0 C. After this bad been 
stirred for 24 h a t  20 'C. mcthaiiol(4 mL) was added. Most ofthe solvent was 
removed by evaporation under reduced pressure, and water (20 mL) was 
added to the residue. The aqueous phase was extracted with ether 
(4 x 15  mL). The combined organic layers were washed with brine (20 mL), 

dried (Na,SO,) and concentrated to give a viscous liquid (0.40 9). Purifica- 
tion by flash chromatography with hexaneiEtOAc 5:l gnve the product 11 in 
69% yield (0.1 I6 g). Starling from 1.23 g 10 and prolonging the reaction time 
to 48 h resulted in 11 in a 73 % yield. [a]? = + 27.9' (c = 1.3. CHCI,): I3C 
NMR (CDCL,. 62.9 MHz): 6 ~ 1 5 4 . 7  (C-S), 139, 128.3, 127.7, 127.5 (Ph). 

(OCH,). 35.0 ((2-2); ' H N M R  (CDCI,. 250 MHz): 6 =7.35 (in, 10H. Ph), 

3.94(m,2H,H-3,H-4),3.45(~.3H,OCH,),2.31 ( d t , I H . H - 2 ~ ~ , , J , , , , ~ ~ = 1 3 ,  
= 3.5 Hr). 1.91 (m. 1 H, H-2J; anal. calcd. for Cz1HL4O4: C 74.09%. 

A 7.11 'XO: found: C 73.75%. H 7.18%. 

99.7 (C-I), 96.8 (C-6). 79.2, 75.9 (C-3. C-4). 73.1, 72.3 (OCH,Ph). 55.3 

4.89 (t, 1 H, H-13 J,,,,,, .Il,,,, = 3.5 Hz), 4.86 4.66 (6H, 2H-6, 2OCH,Ph), 

(2S,3R)-2,3-Bis(benzyloxy)cyclohex-5-enone (12) : Methyl 3,4-dihenzyloxy-r- 
n-/h~~,c.n-hex-5-enopyranoside (11, 1.18 g. 3.5 mmol) was dissolved in acetone' 
water (2: 1, 18 mL) by heating to reflux. Mercuric chloride (1.06 g, 3.8 mniol) 
was added. Afler reflux for 211, the solvent was removed on the rotary 
evaporator. The residue was redissolved in ether (40 mL),  and aqueous potas- 
sium iodide (10%. 40 mL) was added. The aqueous phase was extracted with 
ether (3 x 40 mL). The combined organic layers were washed with brine 
(50 mL). dried (Na,SO,) and concentrated to give a viscous liquid. The crude 
product was chromatographed with ethyl acetatejhexane 2 :  1 and I :I. The 
purified cyclohexanone (1.03 g, 86%) and DMAP (62 mg) were dissolved in 
pyridine (17 mL) and cooled to 0 'C. Mesyl chloride (0.84 mL) was added 
dropwisc. ATter stirring for 2.5 h at 20 C ,  ice water (50 mL) was added. The 
aqueous phase was extracted with ether (4 x 40 mL). The combined organic 
layers were dried (MgSO,) and concentratcd to give 3 viscous liquid (1.05 g) 
Purification by flash chromatography with hexane,ethyl acetate 4: I gave the 
product 12 in 84% yield (0.90 g) The compound was unstable on storage. 

128.1, 228.0, 127.7, 127.4 (C-6, Ph),  83.9, 77.2 (C-2. C-3). 73.6. 72.5 
( 2  x OCH,Ph). 32.0 (C-4); ' H N M R  (CDCI,. 500 MHz): 6 = 7.3 (m; 10H. 

H-6. J6,4ax = 3, J6,4sq = I  Hr),  5.00, 4.89, 4.72, 4.64 (4d. 4 H ,  20CH,Ph. 
./=12.0../=11.0Hz).4.04(d, 1H.H-2,  J2,, = 9 .5H~) .3 .94 (ddd ,  lH .H-3 .  
J,.4dx = 8. J,, 4eq = 5 Hi!), 2.79 (ddd, 1 H. H-4,,. ./Jcq,4;,r = 18.5 Hz). 2.50 
(ddt. 1 H, H-4,,). 

I3C NMR (CDCI,, 62.9 MHz): 6 =I97 (C-I), 146.1 ((2-5).  137.7, 128.5. 

Ph),6.81 (ddd. lH,H-5,J5.6 = l o ,  Jj,4cq = 5 ,  J5,4ux = 3 H ~ ) , 6 , 4 0 ( d d d .  I H .  

Benzyloxymethyllithium: To ben7yloxymethyltributylstannane (0.140 g. 
0.34 nimol) in dry T H F  (1.5 mL) at  -78 C under argon atmosphere was 
added butjllithium in hexanc ( 1 . 6 ~ .  0.215 mL), and the solulion was stirred 
for 10 min at -78'C. The solution was used in situ. 

(2S,3R)-2,3-Bis(benzyloxy)-l -benz yloxymethyl- 1 -h ydroxycyclohex-Sene (1 3) : 
To a solution of henzyloxymethyllithium (0.34 mmol) in THF, prepared as 
described above, was added (2S.3R)-2,3-bis(benzyloxy)cy~lohex-5-enone (12. 
50 ins, 0.16 mmol) iii dry T H F  (0.5 mL). After the reaction mixture had been 
stirred under an  argon airnosphere at - 78 'C for 2.5 h, the cooling bath was 
allowed to warin to 0 ' C  (1 h). Aqueous NaHCO, ( 5 % .  4mL)  and ethyl 
acetate (6 mL) was added. The aqueous phase was extracted with ethyl ac- 
etate (4 x 6 mL). The combined organic layers were dried (MgSO,) and con- 
ccntrated. The residue (0.22 g) was purified by flash chromatography a i th  
CH,CI,~acctone 150:l to give the product 13 in 67"/0 yield (44mg) as a 
mixture of two isomers (1:l). The reaction was also carried out with the 
addition occurring at - 90 ~ ' C  or - 110 'C. [n those experiments the !,icld and 
the isomer ratio was 63% (1S:IR 3.4:l) or 71% (1S: lR 6.1) respecticely. 
[r];, = + 14.4' (c = 1.0, CHCI,, a 4: 1 mixture): MS (C1, NH,): ni z = 448 
[ M  +NH+?]: I3C NMR (CDCI,, 62.9 MHz), 13(1s): 6 =139. 129.1-127.4. 
125.2 (Ph, C-5, C-6). 80.0. 76.2 (C-2. C-3). 75 4, 73.8, 73.3. 72.4(30CH2Ph. 
(2-7). 31.9 (C-4): 13(IR): 5 =74.3. 73.9, 73.7, 72.0, 28.8; 'H NMR (CDCI,), 
13(1S): 6 =7.35 (m, ISH,  Ph),  5.81 (ddd, I H ,  H-5. JS,(, = l o ,  Js,4rq = 5 . 5 ,  
Jj , ,a ,=2.5Hz),  5.61 (dd, l H ,  H-6, .J6,,,,=2.5Hz), 4.96, 4.7-4.42 (6H. 
3OCH,Ph),3.96(dt,IH,H-3.J,,,,,,J,,, =9 , J , , , , ,=5 . jHz) ,3 .80 (d . IH .  
H-2), 3.42 (d, 1 H, H-7a, J7,,7h = 8.5 Hz). 3.33 (d, 1 H, H-7b), 2.87 (brs.  1 H. 
OH). 2.60 (dt, 1 H. H-4,,, J4cq,4111 =37.5 Hz), 2.18 (ddt. 1 H, H-4,?,): 13(1R): 
d=5 .6X(d t ,  l H . H - S , J = 1 0 , J = 3 . 5 H z ) . 5 . 6 1  ( lH ,H-6) ,4 .7 - -4 .42 (6H.  
3OCII,Ph), 3.91 id. l H ,  R-2, J = 6 . 5 H z ) ,  3.85 (dt, 1H. H-3. . I = 6 . 5 ,  
.I = 4.5 Hz). 3.72 (d,  1 H, H-7a, J = 9.5 Hz), 3.50 (d. 1 H. H-7b). 2.47 (din. 

anal. calcd. for C,,H,,O,: C 78.1 1 "A>- H 7.02%, found: C 78.04%. H 6.94%. 

(2S,3R)-I-Acetoxy-2,3-bis(benzyluxy)-1-benzyloxymethplcyclohex-5-ene (14): 
(2SJ R)-2.3-Bis(beni!yloxy)-l-beiizyloxyniethyl-l -hydroxycyclohex-5-ene 

1 H, H-4,,, J = 18 Hz), 2.23 (dddd, 1 H, H-4,, . .I = 5. d = 1.5. I = 2 Hz): 
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(13, 38 mg, 0.09 mmol) and DMAP (7 mg) was dissolved in freshly distilled 
triethylamine (1 m L ) .  Acetic anhydride (70 pL) was added. After this had 
been stirred under an argon atmosphere for 15 h at 20 C, CH,CI, was added. 
The organic layer was washed with water, dried (Na,SO,) and concentrated. 
The residue (87 mg) was purified by flash chromatography with CH,Cl,!ace- 
tone 500: 1. whereby the two isomers 14(1s) (23 mg) and 14(1R) (16 mg) were 
separated. Total yield: 94% (39 mg); MS (CI, NH,): m/z  = 490 [ M  +NH:], 
413[M-AcOH+I] ;  'HNMR(CDC13,250MHz),  14(1S):b=6.21 (ddd, 
1 H, H-6, J 5 , 6  = l o ,  J4ux,6 = 2.5 Hz), 5.83 (ddd, 1 H, H-5, J4,1r,s = 3, 
J4eq,5 = 4.5 Hz), 4.98, 4.76, 4.69, 4.63, 4.51, 4.42 (6d, 6H, 30CH,Ph. 
J % 1 2 H ~ ) , 4 . 1 3 ( d .  l H , H - 7 a , J = 8 . S H z ) , 4 . 0 8 ( d d d , l H , H - 3 , J , , , = 9 . 5 ,  
J,,,.. = 8.5, J3,4cq = 6 Hz), 3.99 (d. 1 H, H-2), 3.81 (d, 1 H, H-7b), 2.66 
(dddd,IH,H-4,,,J,,,,,;,, = I 8  H~).2.24(ddt.lH.H-2,,),2.01 ( s ,~H.OAC):  

J = l l . S H z ) ,  4.68 (d. I H ,  J = I l . 5 H z ) ,  4.61 (d, I H ,  J=11.5Hz) ,  4.58 (d, 
I H ,  J = 1 1 . 5 H ~ ) ,  4.51 (d, l H ,  J = 4 . 5 H 2 ) ,  4.45 (d, l H ,  H-2, J2 ,=9.5 ,  
J = 2 . 3 H z ) ,  3.93 (ddd, I H ,  H - 3 , J , , 4 a l = 9 , J ~ , 4 p q = 6 H ~ ) .  3.80(2d. 2H,  

14(1R): 6 =7.3 (Ph), 5.75 (brs, 1 H), 4.82 (d, 1 H, J =11.5 Hz), 4.70 (d, 1 H, 

H-7a, H-7b, J = 10 Hz), 2.54 (ddd, 1 H, H-4,,, J4$ ,,,, = 17.5, J = 4 Hz), 2.24 
(dd. I H, H-4,,). 

Methyl 6-amino-2,3,4-tri-0-ben~yl-6-deoxy-a-~-~lucopyranoside (18) : [ 3 y 1  To 
a solution of mcthyl 6-arido-2,3,4-tri-0-benzyl-6-deoxy-~-~-glucopyra- 
n o ~ i d e [ ~ ~ '  (17. 1.30 g. 3.1 mmol) in ethanol (80 inL) was added Lindlar cata- 
lyst ( 5 % ,  400 mg), and the mixture was hydrogenated at 1 atm and 20'C for 
3 days. Filtration and concentration gave the amine 18 in a quantitative yield 
(1.22 g). [a];, = + 67.0" (c =1.1, CHC1,); MS (CI, NH,): m/z = 464 
[M + 11; ',C NMR (CDCI,, 62.9 MHz, p H z 7 ) :  6 =138.5, 137.9, 128.2- 
127.3 (Ph), 97.6 (C-I), 81.9, 79.9, 78.3 (C-2, (2-3, C-4), 75.5, 74.7, 73.1 
(3OCN,Ph). 71.4 (C-S), 54.8 (OCH,), 42.5 (C-6): 'HNMRrZ7]  (CD,OD, 
250 MHz): 6 =7.3 (m. ISH, Ph),4.9-4.6(6d, 6H,  30CH,Ph),4.71 (d, 1H. 
H-I, JL,, = 3.5 Hz), 3.89 (t, I H ,  H-3, J 3 , * ,  J,,4 = 9.5 Hz), 3.54 (ddd, I H ,  
H-5, J4, = 9.5, J5,6b =7, Jj, 6a = 2.5 Hz), 3.52 (dd, 1 H, H-Z), 3.38 ( s ,  3H, 
OCH,), 3.28 (1. 1 H, H-4). 2.90 (dd, 1 H, H - h ,  .Jha,bb = 13 Hz), 2.61 (dd, 1 H, 
H-6b). 

(2S,3R)-l-Aminocarbonyloxy-2,3-bis(benzyloxy)-l -benzyloxymethylcyclohex- 
5-ene (19): To a solution of ally1 alcohol 13 (0.405 g, 0.94 mmol) in dry 
dichloromethane (6 mL) was added trichloroacetyl isocyanate (167 mL. 
1.4 mmol) at 0 'C. After stirring for 45 min at 0 ' C and 45 min at 20 "C.  the 
mixture was filtered through a short column ofneutral A1,0, and eluted with 
dichloromethane and dichloromethane/acetone 4:  1. Concentration of the 
eluate gave a clear viscous liquid (0.60 g), which was purified by flash chro- 
matography (dichloromethanejacetone 25: 1 or hexaneiethyl acetate 4: 1)  to 
give the carbamate 19 as a mixture of two isomers in 98% (0.440 g) yield. On 
a smaller scale, the major isomer 19(1S) could be separated. The compound 
was unstable on storage. 19(1s): [a];' = - 37.5" (c = 0.87, CHCI,). 19(1R)j 
19(1s) 9:  1 mixture: [a]? = + 23.8" (c = 0.84, CHC1,); MS (CI, NH,): m/ 
z = 491 [M +NH:]; I3C NMR (CDCI,. 62.9 MHz), 19(1S): 6 =155.8 
(C=O), 138, 129.7, 128.7-127.4, 125.8 (Ph, (2-5, C-6), 79.9, 75.5 (C-2, C - 3 ) ,  
75.8, 73.4, 72.3 (3OCH,Ph). 69.4 (C-7). 32.8 (C-4); 19(1R): 6 =130, 128.2- 
127.3. 125.8 (Ph, C-5, C-6). 85.0, 82.1, 76.7, 75.3, 73.5, 72.5; 'HNMR 
(CDCl,, 500 MHz), 19(1S): 6 =7.3 (m, 15H, Ph), 6.19 (ddd, 1 H, H-6, 

J5,4ar = 3 Hz), 4.91, 4.71, 4.66, 4.59, 4.52, 4.42 (6H, 30CH,Ph), 4.69 (brs, 
2H, NHJ,  4.18 (d, l H ,  H-7a, J,,,7b = 8.5 Hz), 4.07 (ddd, I H ,  H-3, 
J , , ~ = 1 0 , ~ ~ ~ 4 a r = 8 . 5 , J , , d e , = 6 H ~ ) , 3 . 9 7 ( d , 1 H , H - 2 ) , 3 . 8 6 ( d , l H , H - 7 b ) ,  
2.70 (dddd, 1 H, H-4,,, J4eq,4ar = 18 Hz), 2.22 (ddt, 1 H,  H-4,,); ' H  NMR 
(CDCl,, 500MHz). 19(1R): b =7.25 (m. 15H. Ph), 5.83 (dd, l H ,  H-6, 
56, j = 10, J6 ,  = 2.5 Hz). 5.77 (ddd, 1 H, H-5, Js,4eq = 5.5. J5,4ux = 2 Hz). 
4.86. 4.72. 4.71, 4.61, 4.56. 4.53 (6H. 30CH2Ph),  4.52 (d, I H ,  H-2, 
J 2 , ,  = 9.5), 4.41 (brs, 2H,  NH,), 3.97 (dt, 1 H, H-3, J3,4sx  = 9.5, 

.Ih, = 10, Jh, 4ai = 3 ,  J6,  4ci, = 1 Hz), 5.84 (ddd, 1 H,  H-5, Jj, 4eq = 4.5, 

J3,,., = 6 Hz), 3.82 ( s ,  2H, 2H-7), 2.55 (dt. I H, H-4,,, J4,q,4ax =17.5 Hz), 
2.28 (ddt, 1 H, H-4,,). 

(2R,3R)-2,3-bis(benzyloxy)-l -benzyloxymethyl-5-(methoxycarhonyl)aminocy- 
clohexd-ene (20): To a solution of allylic carhamate 19 (151 mg, 0.32 mmol) 
and diisopropylethylamine (0.33 mL, 1.9 nimol) in dry dichloromethane 
(2 mL) at -78 ' C  under an argon atmosphere was added trifluoro- 
methanesulfonic anhydride (157 mL, 0.96 mmol). The cooling bath was al- 
lowed to warm slowly to 20°C (2 h) and stirring was continued for a further 
30 min. The solvent was removed by an argon flow, and dry methanol (3 mL) 
was added. Stirring was continued for 75 min. The solvent was evaporated, 

and the residue was purified by flash chromatography (hexanejethyl acetatc 
4:  I )  to give the methyl carbamoyl derivative 20 (as ii mixture of two isomers 
in the same ratio as the starting material) In 7 5 ~ - 8 2 %  yicld. The compound 
was unstable on storage. 20(SR): [a];' = ~ 89.0" (C = 1.3, CHCI,): MS (Cl. 
NH,): mi: = 505 [M + N H i ] ;  ',C NMR (CDCI,. 125.8 MHrj. 20(5Rj: 
6 =I57 (CEO), 136 (C-6). 138.2, 128.9-127.5 (Ph). 73.4, 72.8. 73.6. 71.8. 
70.8. 70.7 (C-2, C-3, (2-7, 3Bn),  52.0 (OCH,). 44.6 (C-5) .  29.9 (C-4): 
'HNMR (C,D,, 500 MHz), 20(5R): d = 7  3 (m. Ph), 5.69 (brs. I H. H-6). 
4.74 (brs, 1H. NH),  4.49, 4.41, 4.36, 4.27. 4.23. 4.16 (6d. OH, 30C'H,Ph). 
4.42 (m, 1 H, H-5). 4.20 (d. H-7~1, J,a,7h = I 2  HL), 3.97 (d. 1 H, H-2. 
J2 , ,=3Hz) ,3 .79(d ,  IH,H-7b) ,3 .70(ni ,  lH,H-3) .3 .46(s .311.OCH,) .  
2.08 (hrdd. I H ,  H-4,,, J,,,,,,,=13, . I=  5.5Hz). 1.66 (hrdd. IH. H-4,1x. 
J = 8 H z ) .  

(2R,3R)-2,3-Bis(benzyloxy)-l -benzyloxymethyl-5-((2-trimethylsilyl)ethoxy- 
carbonyl)aminocyclohex-6-ene (21): To a solution of allylic carhamate 19 
(112 mg, 0.24 mmol) and diisopropylethylamine (0.24 m L ,  1.4 mmol) in dry 
dichloromethane (1.5 mL) a t  -78 'C under an argon atmosphere WBS added 
trifluoromethanesulfonic anhydride (I 16 pL3 0.71 inmol). The reaction mir- 
ture was allowed to warm up slowly to 20 "C (2.5 h) .  The solvent was removed 
by an  argon flow and dry 2-(trimethylsilyl)ethanol (0.51 m L ) ,  prepared 21s 
described in the I ~ t e r a t u r e , ' ~ ~ ~ ~ ' ~  was added. Stirring was continued for 2.5 h. 
The solvent was evaporated, and the residue was purified by flash chromatog- 
raphy (hexane/ethyi acetate 9:l and 4 : l )  to give the desircd product 21 i n  
49% yield (68 mg) and recovered starting material i n  19% yield (22 mg). 
' H N M R  (CDCl,, 250 MHz): 6 =7.3 (s. SH, Ph), 5.X8 (brs. 1 H. H-S) ,  
4.72-4.36(m,XH),4.20(m,2H).3.99-3.83(ni,3H). 3.74(m. 1 H).2.24(iii, 
1 H, H-4,,). 1.96 (m, 1 H, H-4,,), 0.05 (s, 11 H. CH,TMS). 

(2R,3R,5R)-S-Amin0-2,3-bis(benzyloxy)-l -henzyloxymethylcyclohex-6-ene 
(22) from 20: A solution of the methyl carbamoyl derivative 20 (44mg. 
0.09 mmol) in dimethylsulfoxide (2.25 mL) and aqueous sodium hydroxide 
(1 N, 0.9 mL) was retluxed under argon atmosphere for 30 min. Water 
(7.5 mL) and ethyl acetate (7.5 mL) was added. The aqueous layer was ex- 
ti-acted with ethyl acetate (3 x 7.5 mL). The combined organics were dricd 
(Na,SO,) and concentrated. Purification of the residue by flash chroniatog- 
raphy (ethyl acetate,'niethanol20: 1 and 10: 1) gave thc amine 22 in 85'% yield 
(33 ~ i ig) .  [XI;' = - 30.4' (C = 0.79, CHCI,); MS (Cl. NH,): / T I , :  = 430 
[ M + H + ] ;  I3C NMR (CDCl,, pH 7 8): 6 =138, 12X.lGl27.3 (Ph). 133.8 
(C-6), 133.0 (C-I), 73.3, 73.1 (C-2, C-3), 73.9. 71.4. 70.9. 70.5 (C-7. 
3OCH,Ph), 44.1 (C-5). 33.1 (C-4); ' H N M R  (CDCl,, pH 1): S =7.2--5 (In, 
IXH, Ph, NH,), 6.01 (s, I H ,  H-6), 4.53, 4.51, 4.49, 4.42. 4.38, 4.29 (6d. 6H. 
30CHZPh),4.11 (d ,H-7a , J , , , , ,= l2Hz) ,4 .06 (m. lH ,H-5) ,3 .85 (m,3H.  
H-7b, H-2, H-3), 2.42 (dt, 1 H ,  H-4eq, J4aq,4ax =13.5. J = 5 Hz),  2.01 (ddd, 
1 H, H-4,,, J = 9.5, J = 8 Hz). 
From 21 : A mixture of the 2-(trimethylsilyl)ethyl carbamoyl deribative 21 
(67 mg, 0.1 1 mmol) and tetrabutylammonium fluoride (120 mg. 0.46 niinol) 
in T H F  (1 mL) was stirred for 24 h at  20'C. Water and ethyl acetate were 
added, and the aqueous layer was acidified with HCI (0.5 M) and extracted 
three times with ethyl acetate. The combined organics were dried (Na,SO,) 
and concentrated. Purification of the residue by flash chromatography (ethyl 
acetate/methanol 10: l )  gave the aminc 22 in 83%) yield (39 nig). 

(2R,3R,5R)-S-Amino-2,3-dihydroxy-I-hydroxymethylcyclohex-6-ene (5) : To a 
solution of (2S,3R,SR)-S-amin0-2,3-bis(benzyloxy)- I -benzyloxymethylcyclo- 
hex-6-ene (22, 20 mg, 43 pniol) in T H F  (I  mL) at - 78 C under argon atmo- 
sphere was added liquid ammonia ( %  10 mL) followed by sodium (z 20 mg). 
The reaction mixture was blue until water (2 niL) was added after 2 h. Thc 
ammonia was evaporated by an argon flow, and the residue was concentrated 
and redissolved in a small amount of water and chromatographed on a CG-50 
( 5  inL) ion-exchange resin eluted with water. The product was concentrated 
with dilute HC1 to give compound 5 in quantitative yield (10 mg) a s  its 
hydrochloride. [,z];* = + 4.3" (c  = 0.8. H,O); "C NMR (D20,  62.9 MHz): 
6 = 142.9 (C-1). 120.2 (C-6). 68.6. 67.8 (C-2, C-3), 62.3 (C-7). 45.2 (C-5). 29.5 
(C-4): ' H N M R  (D,O, pH 1, 500 MHz): 6 = 5.83 (s, 1 H, H-6). 4.17 (s. 2H. 
2H-7), 4.03 (m, 2H. H-2, H-3), 3.99 (m, I H ,  H-5). 2.18 (dt, I H ,  H-4cq, 
J4eq,4ax ~ 1 3 . 5 ,  J =  6.5 Hz), 1.93 (dd, 1H. H-4,,, . I =  8.5 HL). 

(2K,3R,5R)-S-MAcetamino-2,3-bis(acetoxy)-I-acetoxymethylcyclohex-6-ene 
(23): To a solution of (2S,3R,5R)-5-amino-2,3-bis(hen~yloxy)-l-ben~yl- 
oxymethylcyclohex-6-ene (22, 20 mg, 47 mmol) in THP (0.7 mL) at -78 'C 



undcr argon atmosphere was added liquid ammonia (z= 5 mL) followed h y  
sodium (-20 mg). The reaction mixture turned blue and was kept at - 78 C 
f o i  I h. Solid ammonium chloride (60 mg) was added carefully and the blue 
colour disappeared. The ammonia was removed by an argon flow. The sol- 
vents were concentrated, and the residue was co-concentrated with toluene. 
To the residue was added pyridine (1 mL) and acetic anhydride (0.2 mL). 
Alter stirring at 2O'C for 23 h the mixture was concentrated and co-concen- 
trated with toluene. Purification by flash chromatography with hexanelethyl 
acetate 2:3, 3 :  I and 1 :0  as eluents gave conipound 23 in 50% (7 mg) yield. 

(C = 0.55 ,  CHCI,); MS (CI. NH,): n~!: = 328 [ M  + I ] ,  268 
[M f l  - AcOH]; ' H N M R  (CDCI,): b = 5.96 (d, 1 H,  H-6, .J5,(, = 3.5 Hz). 
5.51 (d, 1 H, NH,  J N I 1 ,  = 8.5 Hz), 5.37 (d, 1 H,  H-2, .I,, ,\ = 5 Hz), 5.13 (ddd, 
1 H. H-3. . / .3 ,4 , ,r  = 8, J,,,,, = 3 HL), 4.75 (m, 1 H. H-5), 4.63 (d, 1 H,  H-7,,, 
J ; ,  -,, = I 3  Hz). 4.44 (d, 1 t l ,  H-7b), 2.16 (ddd, IH,  H-4ax3 J4ax,4cq =13.5, 
./4,,x = 5.5Hz). 2.07 (s, 9H,  3OAc), 2.01 (s .  3H.  OAc), 1.84 (ddd. 3H. 
H-4,,, J,..,, 5 = 7  Hz). 

= + 9.6 

2-Azidoethyl2,3,4,6-tetra-0-acetyl-P-~-glucopyranoside (25) : To a solution of 
2-chloroethyl 2,3,4.6-tet~a-0-acetyI-P-D-glucopy~aiio~ide~~~~~ (24, 1 .SO g. 
4.3 minol) and potassium iodide (1.43 g. 8.6 mmol) in dry DMF (6 mL) was 
added sodiuin a i d e  (2.81 g. 43 mmol). The reaction mixture was refluxed for 
1 11. and then poured into water ( 5 0  inL). The aqueous layer was extracted 
with ethyl acetate (3 x 25 mL). The combined organics were dried (Na,SO,) 
and concentrated to give a crystalline product. Recrystallisation from ethyl 
iicctate gave the product 25 as white cryTtals in 80% (1.53 g) yield. M.p. 
115 116 C. 1.16 = -40  (c =1.62, CHCI,) (rcf'.[42]. m.p. 115 l16"C, 
[XI;' = - 41 ) ;  " C  NMR (CDCI,. 125 8 MHz): 6 =170.4. 170.0, 169, 1 
(C=O, AC). 100.4 (C-l), 72.5.71.6, 70.8, 68.3. 68.0 (C-2- C-3, C-4, C-5, C-I,), 
61.6 (C-6). 50.2 (C-2') .  20.4, 20.3 (CH,. Ac); ' H N M R  (CDCI,. 500 MHz): 
d = 5.21 (t, 1 H. H-3. J3, 2 ,  J,, = 9.5 Hz), 
5.01 (dd. 1 H, H-2, ./,,, = 8 HL). 4.59 (d. 1 H, H-I) ,  4.25 (dd, l H ,  H-6:i. 
.lc,d,,x,,=12.5H~, J , , , j = 5 H ~ ) .  4.16 (dd, I H ,  H-6h. J , h , 5 = 2 . 5 H ~ ) .  4.02 
(ddd. 1 H, Jge,,, =10.5. Jvic = 5 ,  .Ivi, = 3.5. H-l'),  3.72 (ddd, 1H, H-5), 3.68 
(ddd. 1 H. .I,,, = 8. .I,,, = 3.5, H-1'). 3.48 (ddd, I H. Jgc,,, = 13 Hz, H-2'). 3.29 
(ddd. 1 H, H-2'). 

= 9.5 Hz), 5.09 (t .  I H, H-4, J4, 

2-Azidoethyl-p-~-glucopyranoside (26): To a suspension of 2-azidoethyl 
2.i.4.6-tctra-O-acctyl-l(-u-glucopyranoside (25. 1.22 g. 3.5 mmol) in nie- 
thanol ( I 5  m L )  was added sodium methoxide in methanol ( 2 . 4 ~ ,  0.58 mL) 
The inixture was stirred at room temperature for 25 min. and then the solu- 
tion was neutrnlised by stirring with Amberlite ion-exchange resin IR 120, I - I +  
(10 mL) for 20 min. The Amberlite was removed by filtration and rinsed with 
mcthanol. ConccnIr;ition of the filtrate and co-concentration with tolurne 
gebe :I viscous liquid as crude product. Purification by flash chromatography 
with ethyl acctate~'niethano1 10 : l  as eluent gavc the product 26 as ii clear 
\iscotis liquid in ~ 1 0 0 %  yield (0.88 g). [Y]? = ~ 17 (c = 0.9, MeOH): MS 
(CI, NH,): 07 5 = 267 [ M  t N H d ] : .  I3C NMR (D,O. 62.9 MHz): 6 =102.4 
(C-1)~ 76.1. 75.8, 73.2.69.6 (C-2, C-3, C-4. C-5) ,  72.2 (C-1'). 64.5 (C-6). 50.7 
(C-2'):  ' H N M R  (D,O): b = 4.28 (d, 1H. H-I, J l , ,  = 8 Hz), 3.82 (dt, I H ,  
. l = l 1 . 5 , . 1 = 5 . 0 H z ) ,  3.71 (dd. J = 1 2 . 5 ,  J = l H z ) , 3 . 6 1  (dd. l H ,  J = 1 1 . 5 ,  
.I= 5 H z ) ~  3.51 (dd. 1 H, J = I 2 . 5 , J =  5 Hz), 3.35 ( m , ? H ) ,  3.3- 3.17(m, 3H,  
ti-2. H-3. H-5). 3.08 (t. 1 H, H-4, J = 9Hz) ;  anal. calcd. for 
C,HI,N,O,.0.37H,O: C 37.55. H 6.05. N 16.42; found. C 37.54, H 6.14, N 
16.57. 

2-Azidoethyl 6-~-tosg~-~-D-glucopyranoside (27): To a solution of- 2-nzido- 
cthyl /i-o-glucopyranoside (26, 0.323 g, 1.3 mniol) in pyridine ( 5  mL) at 0 'C 
w a 5  'idded p-toluenesulfonyl chloride (0.279 g). After being stirred for 22 h. 
the mixture was poured into aqueous HCI:ice water ( 0 . 5 ~ ,  40 mL)  and ex- 
tracted with dichloromethane (3 x 30 mL). The combined organics were 
washed with saturated aqueous NaHCO, (20 mL) and water (20 inL). dricd 
(Na,SO,) and concentrated to give a viscous liquid. Purification by flash 
chromatography with ethyl acetate as eluent gave the product 27 as a white 
foam in 73% yield (0.382 g). which could be crystallised from ethyl acetate: 
m p .  133-135 C.[r];; = - 3.2 ((,=1.0,MeOH):MS(CI,NH,):,n, 'z=421 
[,?.I t NH:]; "C NMR (CD,OD. 125.YMHl): 6 =134. 129.1 (Ts). 104.5 
(C-I) .  77.8, 75.0. 74.X. 71.1 (C-2. C-3. C-4. C - 5 ) ,  70.X. 69.6 (C-6. C-1'). 52.0 
(C-2'). 21.6 (7s): ' H N M R  (CD,OD. 500 MHL):  6 =7.05. 6.65 (2d, 4 H ,  Ar) ,  
4.8(hrs.3H.3OH).4.34(tid,1H.H-6a,.I=1lh,,,,.J~,,,,=2Hz),4.25(d, 
H-I. = 8 Hz). 4.14 (dd, 1H.  H-6b, Jhh ,5  = 6 Hz), 3.85 (ddd. 1 H. H-l'a, 

= 11, .I,,, = 6. .I,,, 4 Hz) ,  3.69 (ddd. 1 H, H-l'b, J V j ,  = 6, J S j ,  = 4 Hz), 3.44 
(ddd. 1 H, €I-5, = 9.5 Hz), 3.4 (ni, 2H.  H-2'a, H-2h) .  3.30 (t. 1 H. H-3. 

J , , , . I , , , = 9 H ~ ) , 3 . 2 0 ( 1 ,  l H . H - 4 ) . 3 . 1 3 ( d d , I H , H - 2 ) , 2 . 5 4 ( ~ , 3 H . T ~ ) :  
anal. calcd. for C,,H2,N,0,S: C 44.66, tl 5.25, N 10.42, S 7.95; found: C 
44.60. H 5.26, N 10.51, S 7.91. 

2-Azidoethyl6-0-tosyl-2,3,4-tri-0-trimethylsilyl-~-~-glucopyra11oside (28). To 
a solution of 2-azidoethyl 6-O-tosyl-~-~-glucopyranoside (27. 0.469 g. 
1.2 inmol) in pyridine (2 mL) was added trimethylchlorosilane (0.54 mL. 
4.3 mmol). The mixture was stirred at room temperature in darkness fot- 15 h. 
and then poured into ice water (1  5 mL).  The aqueous layer was extracted with 
dichloromcthane (4 x 40 mL).  The combined organics were dried (Na,SO,) 
and concentrated to give a clear viscous liquid (0.64 g). Purification by flash 
chromatography with ethyl aceta1e:hexane I : 10 as eluent gave the product 28 
as a viscous liquid in 49% yield (0.355 g). [c( ] i2  = + 8.5' (c = 0.98, CHC1,): 
MS (C1. NH,): I Y I ~ Z  = 637 [ M  +NH:); I-'C NMR (CDCI,, 125.8 MHz): 
6 =145, 133, 129.7, 127.9 (Ts). 103.2 (C-l), 78.0, 75.5. 73.7, 71.6 (C-2. C-3. 

'HNMR(CDCl, ,500MHz): i )  =7.8,7.35(2d,4H,Ts) ,4 .29(dd,  lH.H-6a.  
C-4, c-9, 69.5, 67.9 (c-6, ~ - 1 ' ) .  50.7 (c-Y), 21.5 ( T ~ ) ,  1.1, 0.9. 0.6 (TMS): 

Jh,,,hh =10.5.J6d,5 = 2 H ~ ) . 4 . 1 8  (d, H-1,J , ,2  ~ 7 . 5  H ~ ) . 4 . 0 0  (dd, 3 H. H-6b. 
Jhb , j  =7 HL), 3.53 (ddd, 1 H,  H-l 'a, Jge,,, =11, J\ic = 6, J,,, = 4.5 Hz). 3.36 

3.39 (t, 1 H,  H-3. J3 ,43  .J3.* = 8.5 HL), 3.31 (dd, 1 H,  H-4, .14,5 
(dd. 1 H ,  H-2). 2.4 (s. 3 H ,  Ts), 0.2 (3s. 27H, TMS). 

(ddd. 1 H, H-l'h. J,,, = 6.5. .I,,, = 4.5 Hz). 3.42 (m, 3 H. H-2'a. H-2'b. H-5). 
9 Hz) ,  3.28 

2-Azidoethyl 6-deoxy-6-iodo-2,3,4-tri-~-trimethylsilyl-~-~-glucopyranoside 
(29): To a solution of 2-azidoethyl 6-0-tosyI-2,3,4-tri-O-trirnethylsil~l-/I-D- 
glucopyranoside (28, 92 mg. 0.15 mmol) in dry D M F  (1 mL) was added 
potassium iodide (300 mg. 1.5 mmol). After stirring at 80 C for 1.5 h the 
mixture was cooled and partitioned between water (10 mL) and ethyl acetate 
( 5  tnL). The aqueous layer was extracted with ethyl acetate (3 x 5 mL). The 
combined organics were dried (Na,SO,) and concentrated to give 29 as ii 
viscous liquid in zlOO'% yield ( 8 5  mg). The product could he purified by 
flash chromatography with hexane!ethyl acetate 20: 1 as eluent. = 
+18.9'(~ =1.25.CHC1,);MS(C1,NH3):m,- = 5 9 3 [ M  +NH;]: ' ,CNMR 
(CDCI,, 125.8 MHz): 6 =103.4 (C-l) ,  77 8, 75.9. 75.8, 75.3 (C-2, C-3. C-4. 
C-5) ,  68.0 (C-1'). 50.9 (C-2'). 6.8 (C-6). 1.2. 1.0, 0.96 (TMS): ' H N M R  
(CDCI,. 500 MHz): 6 = 4.26 (d, 1 H, 1.1-1, J l , ,  =7.5 Hz), 4.20 (ddd. I H. 
H-l'a. .Igem =11, J,,, = 6, Jvj ,  = 4.5 Hz), 3.76 (ddd. 1 H,  H-l'b, .I,,, =7. 
.I,,, = 4.5 Hz), 3.59 (ddd, 1 H, H-Ta, ,Igem =12.5 Hz). 3.55 (dd. 1H.  H-621. 
.Iha, ,jh = 30, .Is,6,, = 2 Hz), 3.49 (ddd, 1 H, H-Tb), 3.43 (t. 1 H, H-3. J 2 ,  3 .  

J,,,  = 8.5 Hz), 3.16(dd, l H ,  H-2), -3.28 (1. I H, H-4,J4, ,  = X.5 Hz). 3.24(dt.  
1H.  H-5). 3.11 (dd, 1 H, H-6b). 0.2 ( 3 s .  27H. TMS). 

Methyl 2,3,4-tri-0-benzyl-6-cyclohexylamieo-6-deoxy-a-~-glucopyranoside 
(30): To a solution of methyl 2,3,4-tri-0-benzyl-z-~-glucoside (15. 72 ma. 
0.17 mmol) in dry dichloromethane ( 1  mL) at 0 -C was added diisopropyl- 
cthylaniine (32 FL, 0.1 8 mmol) and triflaoroinethanesulfonic anhydride 
(30 NL, 0.18 mniol). After stirring for 15 min, freshly distilled cyclohexyl- 
;\mine (21 pL, 0.18 mmol) was added. After stirring for 1 h at 0 'C another 
portion of cyclohexylamine (21 pL, 0.18 mniol) was added. Stirring was con- 
tinued for another 3.5 h. The solvcnt was removed, solid sodium hydrogcn- 
carbonate and chloroform were added, and the mixture was stirred. Filtration 
and concentration gave a crude product that was puriticd by flash chro- 
matography with hcxanejethyl acetate,'triethylaminc 40:20: 3 as eluent. Coni- 
pouiid 30 was isolated as a viscous liquid in 78% yield (67 mg). and 7 %  of 
the starting material was recovered. MS (CI. NH,): m!z = 546 [:M + I ] ;  ' ,C 
NMR(CDC1,. 62.9 MHz):h =138. 1?8.3-127.4(Ph),97.X (C-1),81.9, 79.9. 
79.4 (C-2, C-3. C-4), 75.6, 74.X. 73.2 ( 3  OCH,Ph). 69.6 (C-5) .  56.4 (C-1'). 55.1 
(OCH,), 47.3 (C-6). 33.5. 33.2. 26.0, 24.9, 24.8 (C-2'. C-3'. C-4'. C-5'. C-6 ' ) :  
' H N M R  (CDCI,, 250 MHz): 6 =7.35 (m. 15H. Ph). 5.02. 4.92. 4.86. 4.84. 
4.71,4.69(6d,6H,30CH2Ph,.l~11),4.57(d.1H,H-l,./,,, = 3.5Hz).4.01 
(t.1H,H-3..J3,4.J3,,=9.5H~),3.78(ddd,3H,H-5..Js,,=9.5.J,,,h=6.5. 
.I5, = 2.5 HL),  3.51 (dd, 1 H. H-2). 3.42 (t. 1 H, H-4), 3.39 (5, 3 H. OCH,). 
1.97 (dd, 1 H, H-6~1, J6,,hh = 12 Hz). 2.69 (dd, 1 H, H-6b), 2.37 (m, 1 H. H-1'). 
2.4-2.16 and 1.35-1.0 (2n1, 10H).  

2-Chloroethyl 2,3,4-tri-O-benzyl-~-glucopyranoside (32). method A: To ii 

solulioii of 3,6-aiihydro-2,3,4-tri-O-benzyl-B-l,-glucopyr~in~~~ide'~~~'~' (31. 
250 mg, 0.58 mmol) in 2-chloroethanol ( I  mL) at 0 C was added trifluoro- 
methanesulfonic acid (2 pL). The mixture was then stirred at 100'C for 1 11. 

After cooling, aqueous saturated NaHCO, and ethyl acetate were added. The 
aqueous layer was extracted once with ethyl acetate. The combined organicc 
were dried (Na,SO,) and conccntrated. The residue was puriticd by flash 
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chromatography with hexane,'ethyl acetate 3: 1 and 2 :  1 as eluent to give the 
product 32 as an anomeric mixture I/[{ 4:3 in 60% yield (178 mg). 
Method B :  To a solution of 1,6-anhydro-2,3,4-tri-O-benzyl-~-~-glucopyra- 
nosidc (31. 250 mg, 0.58 mmol) in 2-chloroethanol (1 mL) at 0 "C was added 
trimethylsilyl trifluoronieti~anesulfo~~ate (105 pL, 0.58 mmol). The mixture 
was then stirred at 20 "C for 6 days, and aqueous saturated NaHCO, was 
added. The stirring was continued for 30 min. The aqueous layer was extract- 
ed with ethyl acetate three times, and thc combined organics were washed 
with brine. dried (Na,SO,) and concentrated. The residue was purified by 
flash chromatography as above. This gave the product 32 as an anomeric 
mixture, a/b 3 : 2 ,  in 76% yield (226 mg). 13C N M R  (CDCI,, 125.8 MHz, x ) :  
6 ~ 1 3 8 . 6 ,  138.1, 138.0, 128.3-127.5 (Ph), 97.2 ( G I ) ,  81.6, 79.9, 77.1, 74.9 
(C-2, C-3, C-4, C - S ) ,  75.5, 73.2 (3OCH,Ph), 68.1 (C-l'), 61.6 (C-6), 42.3 
(C-2'); ',C NMR (CDCI,, 125.8 MHz, /I): b =138.6, 138.1, 138.0. 128.3- 
127.5 (Ph), 103.7 (C-I), 84.2, 82.0, 77.2, 69.9 (C-2, C-3, C-4, C-5). 75.0, 74.8 
(30CH,Ph), 71.1 (C-I), 61.8 (C-6), 42.3 (C-2'); ' H N M R  (CDCI,, 
500 MHz): b =7.3 (m, Ph). 5.06-4.67 (OCH,Ph), 4.81 (d, H-1 (x), 
.Il,, = 3.5HZ), 4.54 (d, H-l (/I), J l , 2  = 8 Hz), 4.19 (dd, J = l l ,  J =  5 Hz), 
4.06(t ,H-3(r) ,J , , , ,J3, ,  = 9Hz),3.91-3.62(m),3.41 (ddd , J=I0 . /=4 .5 .  
J =  3 Hz), 3.61 (t, J =  9Hz) ,  3.56 (dd, H-2 ( a ) ) ,  3.49 (dd, H-2 (8) .  
.I2, , = 9.5 Hz); anal. calcd. for C,,H,,O,Cl: C 67.89, H 6.48, (36.91 : found: 
C 67.70, H 6.53, C1 7.2. 

2-Azidoethyl 2,3,4-tri-0-benzyl-D-glucopyranoside (33): To a suspension of 
2-chloroethyl 2,3,4-tri-O-benzyl-u-glucopyranoside (32, 1.06 g, 2.1 minol) 
and potassium iodide (0.74 g. 4.6 mmol) in dry D M F  (10 mL) was added 
sodium azide (1.34 g, 20.7 mmol). The mixture was stirred a t  110 'C  for 1 h. 
To the cooled solution was added water (30 mL) and ethyl acetate (30 mL) 
The aqueous layer was extracted with ethyl acetate (3 x 30 mL). The com- 
bined organics were dried (Na,SO,) and concentrated. The residue was puri- 
fied by flash chromatography with hexanelethyl acetate 2 :  1 and 1 : 1 as eluent 
to give the product 33 as an anomeric mlxture in 86% yield (0.92 g). These 
could be separated by careful chromatography to give 48% a and 36% /j. 
33.1: [XI? = + 31.4 (C = 0.9, CHCI,). 338: [a];' = + 4.6" (c =1.1, CHCI,). 
MS (C1, NH,): n~iz  = 537 [ M  + N H f ] ;  I3C NMR (CDCI,, 125.8 MHL, x): 
6 =138, 128.3-127.3 (Ph), 97.2 (C-I), 81.4, 79.9, 77.2, 71.1 (C-2, C-3. C-4, 
C-5) .  75.5, 74.8, 73.1 (OCII,Ph), 66.4 (C-I,), 61.5 (C-6), 50.4 (C-2');  "C 
NMR (CDC1,. /I): 6 =138. 128.4-127.5 (Ph), 103.6 (C-I), 84.3, 82.2. 77.3, 
75.6 ('2-2, C-3, C-4, C-S), 75.1, 75.0, 74.9 (OCH,Ph), 68.3 (C-l '),  61.9 (C-6). 
50.9 (C-2'); ' H N M R  (CDCI,, 1): 6 =7.35 (ni, 15H,  Ph), 5.02, 4.93, 4.87, 
4.52, 4.79, 4.78 (6d, 6 H ,  30CH2Ph,  J z11) ,4 .76  (d, I H ,  H - I , J L , 2  = 3 Hz), 
4.07(t, 1 H ,  H-3,.J,,4,J3,2 = 9.5 Hz), 3.82-3.72(m,4H), 3.6-3.54(m, 3 H ) ,  
3.50 (ddd, I H ,  J = 1 3 ,  J = 7 ,  . I = 4 H z ) ,  3.44 (ddd, 1 H ,  J = 1 3 ,  .1=7, 
J =  ~ H L ) ,  1.9 (s, l H ,  OH); ' H N M R  (CDCI,, I{): (5 =7.35 (in, 15H, Ph). 
4.97, 4.96, 4.89, 4.84, 4.76, 4.66 (6d. 6 H ,  3OCH,Ph, Jz l l ) ,  4.50 (d, I H ,  
H-l ,  . I l , ,  =7.5 Hz), 4.05 (ddd, 1 H ,  J =10.5, J =  6, J =  4 Hz), 3.89 (dd, 1 H. 
J =12, . I= 2.5 Hzj, 3.76 (ddd, 1 H, J = 10.5. .I = 6, J = 4 Hz), 3.75 (dd, 1 H, 
J=12 .5 ,  J = 4 H z ) ,  3.70(t, l H , H - 3 , . l 3 , , , J , , , = 9 H z ) ,  3.61 (t, l H ,  H-4, 

= 9 Hz), 3.48 (dd, 1 H, H-2), 3.47 (m, 1 H),  3.39 (ddd, 1 H, J = 10, 
J = 4.5, .I = 3 Hzf ,  3.9 (s. 1 H, OH); anal. calcd. for C,,H,,N,O,: C 67.04, 
H 6.40. N 8.09; found. C 66.83, H 6.61, N 8.03. 

2-Azidoethyl 2,3,4-tri-0-benzyl-6-O-triflate-a-o-glucopyranoside (34): To a 
solution of 2-azidoethyl 2,3,4-tri-O-benzyl-r-u-glucopyraooside (33, 143 mg. 
0.28 mmol) and diisopropylethylamine (50 pL, 0.29 mmol) in dry di- 
chloromethane (3 mL) at 0 ' C was added trifluoromethanesulfonic anhydride 
(48 pL. 0.29 mmol). After stirring for 30 min at 0 'C under an argon atmo- 
sphere the triflate was used in situ. 

2-Azidoethyl 6-amino-2,3,4-tri-O-benzyl-6-deoxy-6-N-[(3R,4R)-3,4-dibenzyl- 
oxy-5-benzyloxymethyIcyclohex-S-enyl~-~-D-glu~~pyranoside (35): To a solu- 
tion of amine hydrochloride 22 (140 mg, 0.30 mmol) in dry nitromethane was 
added Amberlite ion-exchange resin 1R67 OH- (-2.5 mL) in nitromethane 
(1 mL). The Amberlite had been thoroughly prewashed with methanol fol- 
lowed by nitromethane. After stirring for 30 min under an argon atmosphere. 
the free amine was quickly filtered directly into a solution of the triflate 34 
(0.28 mmol), prepared as described above. Diisopropylethylamine (50 mL) 
was added, and stirring was continued for 1 h a t  0 'C and then Tor 4 h at 
20°C. The solvents were removcd, and the residue was partitioned between 
ethyl acetate and aqueous saturated NaHCO,. The aqueous layer was ex- 
tracted three times with ethyl acetate. The combined organic phases were 
dried (Na,SO,) and concentrated (0.27 g). Purification by flash chromatog- 

raphy with hexanejethyl acetate 2 :  1 and 1 : 1 gave product 35 in 7X'!4 yield 
(180 mg). [XI? = +19.5" (c = 2.0, CHCI,); "C NMR (CDCI,, 125.8 MHz. 
pH 7): 6 =138, 128.2- 127.3 (Ph), 132 (C-6).  97.0 (C-I), 81.5 (C-3) .  79.9, 
78.8 (C-2, C-4). 75.4, 74.7, 73.2, 72.9. 71.1, 70.7 (60CII,Ph). 74.4 (C-3', 74.3 
(C-4'), 71.5 (C-7'). 70.5 (C-5). 66.2 (C-l"), 50.4(C-2"), 50.2 (C-1').47.0(C-6), 
30.2 (C-2'); ' H N M R  (CDCl,, 500 MHz, pH 7): 6 =7.3 (m, 30H, Ph). 5.95 
(s,1H,H-6),5.02,4.92,4.85,4.82,4.70,4.67,4.66,4.64,4.57,4.53,4.40(12d, 
12 H, 6OCH,Ph, J = zz 11 -12 Hz), 4.73 (d, 1 H. H-I. .Il, = 3.5 Hz). 4.22 (d, 
lH,H-7'a,J,~,,,.,=11.5H~).4.05(t,lH,H-3.J,,,,J,,,=9.5H~).4.00(d. 
1 H, H-4 ,  J4.,,. = 3.5 Hz), 3.91 (m. 1 H ,  H-3'), 3.98 (d, 1 H. H-7'h). 3.83 (m, 
2H,  H-5, H-l"a), 3.7-3.5 (m, 2H,  H-4, H-1"b). 3.53 (dd. 1 H. H-2, 
J,, , = 9.5 Hz), 3.48 (m% 2H, H-2'21, H-2'b). 3.41 (ni. 3 H. H-1'). 2.98 (dd, 1 H. 
H-63, Jhu, bb = 12, .Iba, = 2 Hz), 2.79 (m. 1 H ,  H-6, Jhb, = 6 Hz). 2.1 1 (dt, 
1 H,  H-2',,. J2.eq,2,ax ~ 1 3 ,  JZ.eq,3, J,..,, 
J,.,,. , = 8.5, J,.,,, 

6-Amino-6-deoxy-6-N-I (1 R,3R,4R)-3,4-dihydroxy-S-hydroxymethylcyclohcx- 
5-enyll-a-D-glucopyranose (4): To a solution of 35 (48 mg. 58 nimol) in dry 
T H F  (1.5mL) under argon and at -78'-C was added liquid ammonia 
( ~ ~ 1 5  mL), followed by small sodium pieces (40 mg). The blue reaction mix- 
ture was stirred at -78 "C for 3 h, and water (3  mL) was added. The ammo- 
nia was evaporated by a stream of argon, and the solvents werc removed on 
the rotary evaporator. The residue was dissolvcd in ii small ;mount  of water 
and eluted through a column of CG50 ion-exchange resin (10 mL) with 
water. Concentration of the first fractions gave the titlc compound 4 a s  an 
anomeric mixture in quantitative yield (23 mg). [XI:' = + 11 (c = 1.1. H,O); 
',C NMR(D,O, 125.8 MHz, pH 7): 6 = 144.5.144.4 (C-5) .  118.8 (C-6'). 96.8 

= 5.5 Hz), 1.74 (ddd. 1 H, H-2',,, 
= 2 Ha). 

(C-1 (/j)), 92.9 (H-I ( a ) ) ,  76.2, 74.7, 72.5, 72.2, 72.2, 72.1. 69.1. 67.9. 67.85, 
67.7,62.9,62.4,52.8,52.5(C-1'),46.4,46.3(C-6),28.7,28.0(C-2'); ' H N M R  
(D,O, 500 MHz, p H  7): 6 = 5.89 ( s ,  H-6),  5.21 (d, H-l (x). .I = 3.5 € 1 ~ ) .  4.64 
(d, H- l  (/I). J =7.5H7),  4.18 (s), 4.07 4.02 (m),  3.94 (d, .I = 3 Hi-). 3 . M  
(ddd, J = 1 7 .  . l = 6 ,  J = 2 H z ) .  3.58 (m),  3.54 (dd, J = I O . . I = i H z ) .  3.49 
(m).3.47(t..J=9Hz),3.32(t,.l=9.5Hz),3.31 (n i ) . 3 .26 ( t , J=9Hz) .3 .24  
(m).  2.21 (m, H-TC,), 2.20 (m, H-2;,). 

Measurements of glycohydrolase inhibition: Each glycosidase assay w a s  per- 
formed by preparing eight 2 mL aamplcs in cuvettes consisttng of 1 mL 
sodium phosphate buffer (0.1 M) of either pH 6.8 or 7.5, 0.2 to 0.8 m L  of ii 5 
or 30 mM solution of either 4-nitrophenyl r-~-glucopyranosidr. 4-nitrophenyl 
~~-~-glucopyranoside. 4-nitrophenyl r-L-fticopyranoside or  2-nitrophenyl /I- 
D-galactopyranosidc in water, 0.1 mL of a solution of either the potcntial 
inhibitor (4 or 5 )  or water, and distilled water to a total volume of 1.9 mL. 
Four of  the samples contained the potential inhibitor at ii fixed concentration 
but with variant nitrophenyl glycoside concentration. The other four samples 
contained no inhibitor, but also variant nitrophenyl glycoside concentration. 
Finaly the reaction was started by adding 0.1 mL o f a  dilute solution of  either 
n-glucosidase froin bakers' yeast (EC3.2.1.20, Sigma G-5003). /~-glucosidasc 
from almonds (EC3.2.1.21, Sigma G-0395). z-mannosidase from jack beans 
(Sigma) or isoinaltase from bakers' yeast (Sigma), and the formation of 
4-niti-ophenol was followed for 2 to 10 min at 22 27 C by measuring ab- 
sorbance at 400 nm. Initial velocities were calculated from the slopes for each 
of the eight reactions and used to construct two Hancs plots. one for the 
mixture with and one for that without inhibitor. From the t ~ o  Michaelis- 
Menteii constants (K,J thus obtained the inhibition constant ( K , )  was calcu- 
lated. Glycogen phosphorylase inhibition was measured a s  described by 
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