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Abstract. The synthesis of a series of analogues of the a-glucosidase inhibitor 1-deoxynojirimycin 
(dNM, 1) and of the a-mannosidase inhibitor 1-deoxymannojirimycin (dMM, 3) is described. The 
ability of dNM, dMM and a series of N-alkylated dNM and dMM derivatives to interfere with 
biosynthesis, transport and maturation of the glycoprotein a ,-antitrypsin in human hepatoma 
HepG2 cells and with the syncytium-inducing capacity of HIV-infected cells was investigated. A 
strong correlation was observed between a-glucosidase inhibition found in HepG2 cells and 
antiviral activity in HIV-I-infected cells. N-Butyl- (35), N-pentyl- (38), N-benzyl- (41) and N-decyl- 
dNM (47) showed high activity in both assays. N-Decyl-dNM was active at 0.01 mM but showed 
drug-related cell toxicity at concentrations exceeding 0.1 mM. Branching of the N-alkyl side chain 
reduced the activity of dNM derivatives considerably. N-Benzyl-6-0-butyryl-dNM (42) and N-de- 
cyl-6-0-benzoyl-dNM (48) showed activity comparable to that of N-benzyl-dNM (41) and N-decyl- 
dNM (47), respectively. None of the dMM analogues prevented HIV-induced syncytia formation. 
The 3-hydroxyl group in dNM and in dMM plays a crucial role in the interaction of these drugs 
with the corresponding processing glycosidases: 3-0-methyl-dNM (49) and 3-0-methyl-dMM (56) 
were inactive in both assays. The plasma membrane constitutes a permeability barrier for 
castanospermine (CAS, 2), but not for dNM, since the activity of CAS in streptolysin-0-permeabi- 
lized HepG2 cells was significantly higher than that in intact HepG2 cells. Finally, an overview is 
given of structures, other than the many N-substituted derivatives that were described, related to 
dNM and dMM that have appeared in the literature in recent years. 

Introduction 

Many pyranoses and furanoses with the ring oxygen re- 
placed by an amino group are natural products and are 
found to inhibit specific enzymes, e.g. glycosidases in- 
volved in the biosynthesis of N-glycoproteins, lysosomal 
hydrolases and intestinal glucosidases like sucrase and 
maltase'. This discovery has stimulated interest in the 
development of specific glycosidase inhibitors for studying 
and treating disorders such as diabetes2 and 
Iysosomal storage diseases3, or as antiviral4, antibacterial5 
and anticancer agents' or as immunom~dulators '~~. For 
example, analogues of the a-glucosidase inhibitors l-de- 

i' Present address: MIT Center for Cancer Research, 77 Mas- 
sachusetts Ave, E17-322, Cambridge, MA 02139-4307, USA. 
h Nomenclature and abbreviations: AIDS = Acquired immune&- 
ficiency syndrome, Bn = benzyl, CAS = castanospermine (2), CI,. 
T M B  = chlor ine-3,3 ' ,S ,S ' - te t ramethylbenzidine,  d N M  = 1- 
deoxynojirimycin = 1,s-dideoxy-1 ,S-imino-D-glucitol (I), dMM = 1- 
deoxymannojirimycin = 1,5-dideoxy-l,S-imino-D-mannitol (3), HIV = 

human immunodeficiency virus, HM = high mannose, 2.6-lutidine = 

2,6.dimethylpyridine, SDS-PAGE = Sodium-dodecyl-sulphate poly. 
acrylamide-gel-electro~horesis, sw = swainsonine (4, triflate = 

trifluoromethane sulphonate. 
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oxynojirimycin (dNM, 1)" and castanosperniine (CAS, 
2)4h were shown to be promising antiviral drugs, while the 
a-mannosidase inhibitors I-deoxymannojirimycin (dMM, 
3) and swainsonine (SW, 4) (see Figure 1) wen: shown to 
block human B cell development'. 
T h e  enzymes involved in the maturation of N-linked 
glycans arc  found in the endoplasmic reticulum (ER) and 
Golgi complex where they act upon newly synthesized 
glycoproteins to generate an array of different structures 
from a common oligosaccharide precursor I"+". N-linked 
glycoproteins receive Glc,Man,GlcNAc, oligosaccha- 
rides cotranslationally on asparagine residues in the 
proper sequon. Initial processing of the  oligo:.accharides 
occurs in the ER and starts with removal, i.e. trimming, of 
the outermost a 1,2-linked glucose residue by glucosidase 
I. Subsequently, glucosidase I I  removes the two remaining 
alJ- l inked glucose residues to  produce a g ycoprotein 
with high mannose-type Man,GlcNAcz o l i g o s ~ c h a r i d e s .  
Glc,- ,Man can also be cleaved directly from glucose-con- 
taining high-mannose-type oligosaccharides hy a Golgi 
endomannosidase to produce Man,GlcNAc2 oligosaccha- 
rides, thereby making the action o f  glucosidase I and I 1  
redundant'. T h e  products of glucosidase I and I1 may be 
further processed to  complex-type oligosaccharides by se- 
quential action of trimming a-mannosidases arid glycosyl- 
transferases. The  isolation and purification of a number 
o f  processing tu-glucosidases and cr-mannosidases from 
different origins have been reported", but unl'ortunately, 
only few analogues of dNM and d M M  have heen tested 
for in-ii tro enzyme inhibition using these enzymes (see 
Figures 1, 2 and Table I, upper part). 
T h e  action of glycosidase inhibitors, which b:ock glycan 
modification at different stages, results in the ttiosynthesis 
of aberrant N-glycans and i t  is assumed that thus modi- 
fied N-glycoproteins cause some of the biological effects 
described above. However, other mechanism,; of action 
may exist'' and the following remarks have to be consid- 
ered. Although N-butyl-dNM (35), an inhibitor of  a-glu- 
cosidase 1, shows anti-HIV it was never es- 
tablished unambiguously that modified, glucosz-retaining, 
N-glycans on the virus envelope gpl20  were responsible 
for the effect'""'. In many studies glycosidase inhibition 
was tested using commercially available en2ymes ( e . g .  
sweet almond P-glucosidase and yeast a-glucosidasc) in- 
stead of the mammalian processing glycosida:.es. Finally, 
in several studies, the biological activity was siJggested to 
be related to inhibition o f  N-glycoprotein trimming en-  
zymes. although a clear correlation was not shown"".". O n  
the other  hand, Sutikuru and collaborators did report a 
correlation between glucosidase-I inhibition in mouse cells 
and syncytia formation by HIV-I"". 
Structure-activity relationship (SARI studies on azasugar 
glycosidase inhibitors have mainly focussed on the 
synthesis of simple N-substituted derivatives of  the 
natural products. For instance, the synthesis o f  over one 
hundred different N-substituted d N M  analogdes was re- 
ported4"-h.y. O n  the other  hand, only a few derivatives 
were investigated for which it was found to be detrimental 
t o  the biological activity t o  N-alkylate, e . g .  clMM, or  in 
cases that quaternary ammonium derivative:, would be 
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formed, e.g. the tertiary m i n e s  CAS and SW. This paper 
will present an overview of several azapyranosc deriva- 
tives closely resembling dNM and dMM o f  which 25 
structures arc  related to  dNM, i .e .  5-22 (Figure 2 ) ,  and of  
which 1 I correspond t o  dMM, i x .  23-33 (Figure 3)10-37. 
Some selected enzyme inhibition data and the biological 
effect(s) of  these compounds, when known, are presented 

We dcscribe here also o u r  results on the chemical synthc- 
sis and biological activity of a series o f  related com- 
pounds, 20 ( i . e  34-53) derived from dNM (1) and 3 ( i . e .  
54-56) derived from dMM (2) (see Figure 4 and Tables I I  
and 111). T h e  biological tests included: ( i )  inhihition of  
human hepatoma-processing a-glycosidases in intact 
HepG2 cells as  well as in ( i i )  permeabilized HepG2 cells 
and (iii) inhibition of  syncytia formation of  HIV-I infected 
U937 cells. This is the first study o f  this class o f  com- 
pounds in which a therapeutically relevant activity is pre- 
sented in relation to the ability to  inhibit ;I particular 
human N-glycoprotein-processing glycosidase. I n  this 
study, we show that the effects of the inhibitors on  pro- 
cessing glycosidases in HepG2 cells correlates closely with 
their ability to  inhibit syncytia formation of  HIV-infected 
cells and that impaired transport of azasugar inhihitors 
across the plasma membrane decreases their biological 
activity. 

in  Table 11()--37 

Results and discussion 

Rer$ew of' cnzyme-itikihition dutu atid hiologicul cj] i ,c . t  (s) of' 
u serics of' azupyrunow dcrii*utiiw closely rc.scmhlitig dNM 
utid d M M  37h-d 

In the last few years the synthesis of  a number of new 
compounds closely related to  d N M  (i.6,. 5-22, scc Figure 
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2 )  and to dMM ( i . e .  23-33, see Figure 3 )  has been much lesser extent of dMM, has bccn focusscd on N-sub- 
reported'('-37. In Table I (middle and lower part) some stitution. Soon after the isolation of d N M  and dMM it 
biological data  on these analogues are  shown. Much of was shown that the a-glucosidase inhibitory activity of  
the  work on  chemical modification of dNM, and t o  a dNM could be  improved by alkylating the amine. Com- 

7uhIe / 

For structures of 1-4 see Figure I :  for structures o f  the other compounds see Figures 2 and 3. See also Refs. 37b-d for enzyme activity data o n  
(6s)-6-ethyl-dNM (31. R = H )  and tr-homomannojirimycin. Abbreviations used: K , ,  inhibition constant: lC5,1. 50% inhibitory concentration: 
a-Glc I ,  processing a-glucosidase I: a-Glc. a-i,-glucose or  a-glucosidase: P-Glc, 0-u-glucose or 6-glucosidase: P-GlcA, 6-glucuronidase: tr-Man 
1. processing a-mannosidase I :  a-Man 11, processing a-mannosidase 11: a-Man,  a-Mannosidase; O-Gal, /?-~)-galactose; sweet-almond P-gluco- 
sidase. emulsin: Bn. benzyl. 

Reiww of . s e I~r t . t l  glvcositlusc, itrhihifor iwzyrne riuta und hiologiccrl r f f i ~ t s  

NO. 

1 dNM 

34 
35 
47 
51 

2 CAS 

3 dMM 

4 sw 

5 
6 
7 
8 
9 I lo 

1 1  
12 

13 R = 11 

14 
1 5 R = l I  

R = Bn 

R = Me 
R = NH,. I 1  
R = 011. I i  

16 

17 R = 11 
R = P-Glc 

18 
19 
20 R = a-Gk 

R = P-Glc 
R = P-Gal 

21 
22 

23 
24 
25 
26 
21 
28 

29 
30 

31 R = N I I Z  

R = O H  
32 
33 

Inhibition 

K ,  IX-370 p M  
K ,  0.05 p M  
K ,  I O p M  
K ,  0.07 p M  
K ,  0.OY p M  
K ,  0.4 p M  
K ,  3 7 p M  
K ,  40 nM 
lC'ill 0.10 p M 
K ,  0.5 nM 

K ,  S p M  
K ,  0.2 pM 
0% at 0. I mM 
ICY5,, 0. I p M  

K ,  7 F M  

K ,  1.56 rnM 
K ,  0.43 mM 
/Gill 0.3 mM 
K ,  XO p M  
24% at I mM 
647+at5  mM 
I I % a t  I mM 
I X Q  at  5 mM 
n o  data 
K ,  > 10 rnM 
K ,  XO p M  
K ,  40 p M  
K ,  20 p M  
K ,  0.X mM 
K ,  9 p M  

K ,  X3pM 
K ,  X.4 p M  
K ,  13.X p M  
lC5(, XO p M 
/C511 30 rnM. 
K ,  1XmM 
/C'51, 81 nM 
K ,  S p M  
K ,  2 p M  
/CTIl 0.30 p M  
lCyl1 0.15 p M  
no data 
no data 
n o  data 
K ,  2 7 p M  
K ,  0.4 mM 

n o  data 
6074 at  1 mM 
n o  data 
n o  data 
n o  data 
K ,  > I mM 
K , >  I mM 
n o  data 
K ,  0.92 p M  
K ,  95 p M  
K ,  166 nM 

/C5(] YO- 100 nM 

n o  data 
n o  data 
lC'511 20-50 nM 
/Cjlr 0. I p M  
lC511 20 nM 

K ,  X P M  

IC511 4 P M  

/(.XI I ILM 

Enzyme 

sweet almond P-Glc"'.IX 
rat intestine suerase' '  
calf liver a-Glc I "  
calf liver a-Glc I I' 
calf liver a-Glc I "  
calf liver a-Glc I "  
sweet almond P-Glc"' 
bovine liver P-GlcA" 
pig kidney a-Glc I l4 

rat intestine sucrdse" 
calf liver a -Man 
pig liver a -Man 
a-Man 11" 
a-Man 1''  
jack bean a-Man" 

yeast a-Glc" 
sweet almond P-Glc"' 
mouse gut a-Glc"' 
human liver P-GlcA" 

yeast a-Glc" 

yeast cr-Glc" 

yeast a-GlcIX 
sweet almond P-GIC" 
sweet almond P-Glcz3 
sweet almond P-Glc" 
sweet atmond P-Glc" 
jack bean a-Man" 
sweet almond P-GlcZ4 
sweet almond P-Glc" 
sweet almond P-GIc'~ 
sweet almond /3-Glc2' 
sweet almond P-Glc" 

pig liver a-Glc 1'" 
mouse intestine sucrase" 
rat intestine sucrase 
rat intestine sucrase'" 
pig kidney a-Glc 114 
pig kidney a-Glc I I' 
mammalian intestine a-Glc'X 
bacterial endocellulasc2q 

a-arnyloglucosidase3' 
sweet almond P-Glc3' 

7 ,  _ _  

3 0  

I X  

jack bean a-Man'"  
32 

Ja 

I X  

jack bean a-Man" 
sweet almond P-Glc" 

apricot P - G I C ~ ~  
rat epididymal a - M a r ~ ' ~  
jack bean a-Man'5 
Golgi a -Man 
a-Man 112' 
E R  a-ManZ5 

33 

3 

35 

mung bean a-Man 13' 
rat liver Golgi a-Man I "' 
MDCK a-Man 13' 

Activity 

anti-HIV 
anti-dinbetic 

anti- I t I V 
anti- t 1 IV 
anti-HIV 
no  data 

anti-HIV. anti-diabetic 
immunomodulator 
immunomodulator 

immunomodulator 

n o  data 
n o  data 
n o  anti-diabetic 
n o  data 

n o  data 

n o  data 
n o  data 
n o  d a t ~  

n o  data 
n o  data 
n o  data 
n o  data 

no data 
no data 
n o  data 
n o  data 

anti -d ia be t ic 
n o  data 
anti-hyperglycernic 
n o  data 
no  data 
no data 
no data 
no data 
no data 
no data 

n o  data 
n o  data 
no anti-IIIV 
n o  anii-IIIV 
no d;lla 
no data 

n o  data  
no  data 

no data 

n o  data 
n o  ant i - t l lV 
immunomodulator 
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pounds 34 (N-methyl-dNM) and 35 (N-butyl-dNM) show 
K ,  values a t  a 10-fold lower concentration than d N M  (see 
Table  I, upper part)". However, longer alky' chains do 
not show further increases in activity, c7.g. cornpound 47 
(N-decyl-dNM). So far n o  data  have been published of 
analogues of d N M  having K ,  values in the nM range. 
CAS shows a K ,  value close to that of N-butyl-dNM. 
D M M  also shows a K ,  value in thc pM range against the 
processing a-mannosidase I .  However, N-substitution of 
d M M  decreases enzyme inhibitory activity by a factor 10 
for N-methyl-dMM and by a factor 20 for Wcarboxy- 
pentyl)-dMM'5. D N M  and CAS were also reported to  be 
potent inhibitors o f  rat intestine sucriise". Therefore, 
much effort was put in developing these a g c n x  as poten- 
tial anti-diabetic drugs?. Strangely enough, a; far as we 
know, no data have been reported on inhibition of intesti- 
nal a-glucosidases by most of the analogues of dNM and 
CAS. 
T h e  following general conclusions can be ,drawn with 
regard to  the data described in Table I. In most studies, 
enzyme kinetic data have been obtained using commer- 
cially available enzymes from plants and yeast. instead o f  
using the processing glycosidases. Many of the azasugars 
show a broad spectrum o f  enzymc inhibitory activities. 
From most studies it remains unclear what the full spec- 
trum o f  enzyme inhibition of a particular compound looks 
like. More attention should be paid in our  o p  nion to  the 
ability o f  a compound to  inhibit selectively one of the 
human processing glycosidases, which could be o f  more 
interest for the development of  therapeutic cvmpounds. 

2 Pd(OHI2C H,. €,OH 

3 RCHzOH T I 2 0  2.6 lulldine 

4 P d C  H, I BuOH~HOAc-H,O 
OH 

OH 3 4 4 1  4 3 4 7  
1111 R CHO PdlOH),C H, 

NO. 

1 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

2 

3 
54 
55 
56 
4 

Com pou nd 

d N M  
N-met hyl 
N-hu t y I 
N-isohutyl 
N-cyclopropylme t hyl 
N-pentyl 
N-isopentyl 
N-cyclohutylmet hyl 
N-benzyl 

Np-C'F,-henzyl 
N-n-CF,-henzyI 
N-phenylpropyl 
N-/'-F-phenoxyethyl 
N-dccyl 
N-decyl-h-O-henzoyl 
3-O-methyl 
N-decyl-3-0-met hyl 
I - o x 0  
I -/J-sulphonyl 
1 -tr-cyano 
CAS 

N-henzyl-h-O-huty~I  

d M M  
N-he n ~ y l  
N-2-hydroxyet hyl 
3-0-methyl 
sw 

I IIV-I I,) 

+ / -  

+ / -  

+ / -  

t 
t +  

I <-kl 

I <-kl 

+ +  +'TI 

t 

- 

t 

+ + I )  

+ + 1 )  

+ + I) 

- 

- 

+ +  

'I Estimated numhcr of  glucose residue\ (Cilc,,) retained or u , - a n t i -  
trypsin at 3 mM. I' Syncytin lormation after incuhation with in- 

inhibition noticeahlc. ~ : no inhihition. Active from I mM.  ' Ac- 
tive from 1 mM. partially lytic a t  3 mM. G I c 2  I at O.l--O.S mM. 
lytic at  0.1-0.5 mM. GIc2  I ; i t  1 mM. lytic ;it 3 mM.  I.ytic ;it 

0.5 mM. I' 10(lr: inhibition of tr-mannosidnse I at 1 mM.  ' t)V 
inhihition of wniiinnosidiise I i i t  0.01 -3.0 mM.  ' intermcdi;itc com- 
plex-type glycms a t  3 mM. ' TCID reduction 100 fold. p24 
levels decreased compared to contrctl. "' IOOci inhihition (4 wm:iii- 
nos idax  I I  at  3 mM. 

hihitor iit 1 mM. + + :  n o  syncytia. + :  clear inhihitior. + / - ;  

Cheniistn 

Sptztlzesis o f  N-ulkplatrd derii,ulir~e.s. The synthesis of com- 
pounds 34-39, 41, 45, 47 and 51-53 ha.; been 
reportedy"~h.3X. Compound 52, i.e. nojirimycin hisulfite, 
was converted to  nojirimycin before use3". The  synthesis 
of dNM was carried out a s  described earlier.4x The syn- 
thesis o f  the remaining compounds listed in Table I t  is 
described below (structures are  shown in Table 111). T h e  
preparation o f  N-substituted dNM or  d M M  derivatives 
can be achieved in several ways. In Figure 4, three routes 
t o  N-alkylated dNM analogues are outlined. The most 
commonly used route to N-alkylation is reaction o f  the 
secondary amine 1 with a n  alkyl halide, frequcntly an 
alkyl bromide. in D M F  using potassium carbonate or  
cesium carbonate as a base. For reactive (ar)alkyl bro- 
mides, e .g .  benzyl bromide, il smooth reaction alter sev- 
eral hours at room temperature takes place giving the 
alkylated amine, e.g. 41 ( N-benzyl-dNM), in high yields. 

0 

41 t 
Prolease. Py 50 OC 3 weeks 

8% 



Table I11 Structures of d N M  derirutrws 34 - 53 utid d M M  der irx t i iw  
54 - 56. 

OH 

34 53 

No R, R2 

34 CH, 
35 
36 
37 

39 
4D 
41 
42 43 

38 

44 45 

46 
47 48 

49 
SO (CH2)&H3 
51 H 
52 H 
53 H 

/OH R No R, RZ 

LN' ' 

5456 

R3 R, 

H H  
H H  
H H  
H H  
H H  
H H  
H H  
H H  
H H  
H H  

H H  
H H  
H H  
H H  
CH3 H 
CH, H 
H =O 
H P-S03H 
H wCN 

H H  

However, less reactive alkyl bromides, c .  g. cyclobutyl- 
methyl bromide, react slowly and even at higher tempera- 
tures poor conversion is observed resulting in low (iso- 
lated) yields, e.g. 16% yield of 40 [ N-(cyclobutylmethy1)- 
dNM] ( l i d e  infro). A much more reactive nucleophilic 
substitution involves reaction of the secondary amine 1 
with an alkyl triflate. In case of azasugars like 1, protec- 
tion of the free hydroxyl groups, as for instance with 
benzyl ethers, is required. The  triflate is generated in sitir 
and allowed to  react with the amine in dichloromethanc. 
This method provides alkylated d N M  derivatives in good 
yields. Compound 46 [ N-[2-( p-fluorophenoxy)ethyl]-dNM] 
was synthesized via this route (c,ide infro, Figure 6). T h e  
obvious disadvantage of this method concerns the hy- 
droxyl-group-protection/ deprotection steps. The  third 
route involves a reductive amination of the secondary 
amine 1 with the required aldehyde, e.g. decanal for the 
synthesis of compound 47 ( N-decyl-dNM). Usually Pearl- 
man's catalyst (i.e. 20% Pd(OH),/C) is used and the 
hydrogenation is carried out (in a Parr apparatus) in 
tBuOH + H O A c  + H ,O. Generally, the N-alkylated aza- 
sugar is obtained in high yields. T h e  only disadvantage of 
this method is the need to  remove the (slight) excess of 
aldehyde. Usually, column chromatography o n  silica gel 
or on a strongly acidic ion-exchange resin ( H +  form) is 
performed to separate the product from the aldehyde. In 
our  hands, the  reductive amination is preferred to the  
nucleophilic substitution of a bromide or a triflate, unless 
more stringent conditions are  necessary. 
Compound 40 (N-(cyclobutylmethyl)-dNM) was prepared 
in 16% yield in a sluggish reaction of dNM with cy- 
clobutylmethyl bromide in D M F  with cesium carbonate as 
base at  70°C for 12 days (ride supra). Compounds 43 and 
44 were synthesized in a straightforward way. Reaction at  

N- 

40 
47 NaH DMAP 45% Py 5 OC 3 h -t: HO 

on 

Figiirc. 6. Syrrthesis of N-drcyl-6-O-hetizo~l-dNM (48) 

HO n'.'.'C / I 

room temperature for 2 h of d N M  with p-(trifluoro- 
methyl)benzyl bromide or  m-(trifluoromethyl )benzyl bro- 
midc in D M F  with cesium carbonate as base afforded 43 
[ N - [  p-(trifluoromethyl)bcnzyl]-dNM] (56% yield) and 44 
[ N-[m-(trifluoromethyl)benzyl]-dNM] ( 5  1 % yield), respec- 
tively. 
Compound 46 [ N-[2- (  p-fluorophenoxy)ethyl]-dNM] was 
synthesized from tetra-O-benzyl-dNM (58)2h (Figure 7). 
Compound 58 was prepared in two steps from 41. 0 - B e n -  
zylation of 41 with bcnzyl bromide and sodium hydride in 
D M F  yielded the fully benzylated azasugar 57 in 95% 
yield. Selective N-debenzylation (95% yield) was achieved 
by hydrogenation using 20% Pd(OH)?/C according to  the 
procedure described recently4". Reaction of 58 in 
dichloromcthane from - 20°C to room temperature with 
N,N-diisopropylethylamine as  base with 2-(p-fluorophe- 
noxy)ethyl triflate, generated in sitir from 59, afforded in 
56% yield t h e  coupled  product  N 4 2 4  p-f luoro-  
phenoxy)ethyl]-tetra-O-benzyl-dNM (60). Subsequently, 
hydrogenolysis of the benzyl e ther  protecting groups gcn- 
erated the desired end-product 46 in 79% yield. 

Synthrsis o/' eytcr d c ~ r i i u ~ i i ~ ~ ~ s .  Several reports describe the 
chemical o r  enzymatic synthesis o f  lipophilic ester ana- 
logues of glycosidasc inhibitors in order  to  improve the 
biological activity of the parent c o m p o ~ n d ~ ' ~ ~ ~ .  Thus, 
6-0-butyryl-CAS was shown to be 20 times more active 
than CAS itself in inhibiting HIV replication in r - i t r ~ ~ ~ .  
T h e  synthesis o f  two 6-O-acyl-dNM derivatives, i . e .  N -  
benzyl-6-O-butyryl-dNM (42) and N-decyl-6-O-benzoyl- 
d N M  (48) was undertaken. Cornpound 42 was synthesized 
enzymatically as  follows (Figure 5 ) .  N-Benzyl-dNM (41) 
was reacted with 2,2,2-trifluoroethyI butyrate in dry pyri- 
dine. using the protease subtilisin". After 3 weeks at 50°C 
a mixture ( 1 .h : 1) of  the  desired mono-butyrylated deriva- 
tive 42 (8%) and of N-benzyl-2,6-di-O-butyryl-d" ( 5 % )  
(structure not shown) were obtained. T h e  mono- and 
di-ester were separated chromatographically on  silica gel. 
In addition to the starting material, two othcr  products 
were formed but could not be isolated. It is noteworthy 
that the  desired butyrate 42 was not formed using lipase 
as  the catalyst. This is in contrast to  the lipasc-catalyzed 
6-0-acylation of methyl a-11-glucose which showed a high 
selectivity (6:  I )  and a moderate yield (40%) was ob- 
tained45,40 . This phenomenon should be attributed to  the 
lower reactivity of the C6-OH group in N-alkylated dNM 
derivatives compared to  that of methyl a-~-glucose (ride 
infro). This is supported by the fact that subtilisin-cata- 
lyzed 6-0-benzoylation of dNM, using vinyl benzoate, 
occurred in only 24% yield with concomitant formation of 
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2,6-di-0-benzoyl-dNM (36% yield)". Furthermore, a mix- 
ture of products was formed when 41 was trcated with 
I-hydroxybenzotriazole butyrate in dichloromethane/ 
pyridine/ triethylamine. In the synthesis o f  cornpound 48 
( N-decyl-6-O-benzoyl-dNM) the chemical approach t o  h- 
0-benzoylation of 47 proved to be thc method of choice 
(Figure 6). Reaction of 47 with 2-mercaptothiai:oline ben- 
zoate in dry pyridine with sodium hydride and a catalytic 
amount of 4-(dimethylamino)pyridine for 3 h at 5°C af- 
forded solely the ester 48 in 45% yield4'. Enzyme-cata- 
lyzed, e.g. subtilisin, esterification of 47 using :!,2,2-triflu- 
oroethyl benzoate in dry pyridine only gave les!. than 10% 
conversion after 2 weeks. In conclusion, selective chemical 
or  enzymatic 6-0-acylation of basic N-alkylated azapyra- 
nose derivatives related to  d N M  proved to  be a difficult 
reaction contrary t o  what has been reported"'-''. I t  re- 
sulted in poor regioselectivity, low yields and long reac- 
tion periods and also depended on the structure of  the 
ester group t o  be introduced. Enzyme-catalyzed acylation 
always took long reaction times. Appropriate selection of 
the activating group in chemical acylation is 0 U . i  preferred 
method ( r ide  irzfru). 

Synthesis o f  3-O-methyl derirutiiw. The 3-hydroxyl group 
is the only position in the pyranosc ring thal is stereo- 
chemically conserved in a series o f  important glycopyra- 
noses: glucose, mannosc, galactose, iduronic acid, glu- 
curonic acid, N-acetylglucosamine and  N-xetylgalac- 
tosaniine (see Figure 8). For each o f  the latter sugars, 
corresponding glycosidases (i.1,. hydrolascs) exist and for 
most of these enzymes the corresponding azasugar is 
found t o  be an inhibitor. We reasoned that either this 
hydroxyl group could easily be replaced with a methoxy 
group or, in contrast, that it would be  involved in a 
specific interaction with the enzyme and should therefore 
be  left untouched. The  synthesis o f  compounds 49 (3-U- 
methyl-dNM) and 56 (3-0-methyl-dMM) was (carried out 
as follows (Figure 9, see also Ref. 48). Removal o f  the 
benzyl e ther  protecting group in the idose building block 
614' with 10% palladium on carbon/ hydrogen in D M F  
was followed by reaction of  62 with methyl iodide and 
sodium hydride in dry D M F  t o  give the 3-Omethyl  idofu- 
ranme epoxide 63 in 65% overall yield. Two by-products 
were isolated when the hydrogenation was carried out in 
methanol: 1,2-O-isopropyIidene-6-deoxy-~-~-idofuranose 
a n d 1 ,2 - i s o p  ropy I i d e n e - 6 - 0 - m e t h y 1 -p - 1. - id of u r a n o s e 
(structures not shown). Opening of the epoxitle function 
in 63 with benzyl alcohol and sodium hydride in dry D M F  
(64, 43% yield), activation of the secondary hydroxyl group 
with triflic anhydride and 2,h-lutidine in dry D M F  (65) 
and subsequent nucleophilic substitution of the triflate 
with sodium azide in dry D M F  resulted in the formation 

g1ucurano P 
idurono - L N H  

O t  
61 

1 10% PdIC H p  
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____) 
2 Me1 Nal i  
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of the azide 66 (76% overall yield). Kcmoval of the  
1,2-U-isopropylidene protecting group in 66 with 80%' 
trifluoroacetic acid in water and subsequent intramolecu- 
lar reductive amination using hydrogen and 20%' 
Pd(OH),/C gave a mixture o f  the expected 3-0-methyl- 
dNM (49) and 3-0-methyl-dMM (56). T h e  formation of 
the corresponding manno derivative is due  t o  acid-cata- 
lyzed epimerization at C2 during removal o f  the 1,2-O-iso- 
propylidenc function in 66". A by-product was formed 
due to  p-elimination o f  the triflatc 65. T h e  structurc was 
identified as the ( Z )  (CS-Ch-enol benzyl c thcr  (see also 
Ref. 50). Compounds 49 (87% yield) and 56 (13% yield) 
werc scparated by column chromatography on silica gel. 
Compound 50 ( N-dccyl-3-O-methyl-dNM) was prepared 
in 50% yield from 49 by reaction with decanal in a 
reductive amination using hydrogen and 20% Pd(O1 I):/C 
according t o  reaction route i i i  depicted in Figure 4. Com- 
pound 54 ( N-benzyl-dMM) was synthesized by reaction o f  
3 with benzyl bromidc and cesium carbonate in D M F  in 
05% yield (reaction route i in Figure 4). Compound 55 
[ N-(2-hydroxy-ethyl)-dMM] was prepared in 95% yield by 
reaction o f  3 with ethylene oxide in D M F  in a pressure 
reaction vessel (reaction scheme not shown). 

Con fortnutioil 

During 'H-NMR analysis o f  the N-alkylatcd dNb1 struc- 
tures a remarkable difference in conformation between 
the parent compound and all N-substituted derivatives 
was observed. The  C6-OH group in d N M  is in a ~ u u c h c -  
trails conformation (H6, dd, ' J  3 Hz; H6', dd, ' J  6 Hz). 
placing the hydroxyl group in the plane o f  the  azapyra- 
nose ring (see Figure 10). In all N-alkylatcd dNV ana-  
logues described in Table l I ,  it guuchc-gmchc~ conforma- 
tion is preferred, positioning the Ch-OH group perpcndic- 
ular t o  the plane o f  the azapyranose ring, i . ~ .  ;I pseudo- 
axial position: Hh and Hh' ,  dd, 35 & 3 Hz. This difference 
in conformation was found t o  be independent of the  
solvents used for d N M  and the various analogues, i.c. 
D,O, CD,OD and CDCl,. For 3-0-methyl-dNM (49) and 
N-hecyl-3-0-methyl-dNM (50) exactly the same difference 
in conformation was found. The  Ch-OH group of com- 
pound 53 ( I-a-cyano-dNM) is also in a g u i i d ~ - t r ~ ~ t z . s  
conformation as judged from I H-NMR coupling con- 
stants. This finding was recently corroborated by rnolecu- 
lar modelling studies on dNM and N-methyl-dUM by 
Wong and collaboratorslx. The  dihedral angle N-('5-Ch- 
Oh in dNM of 77" changed t o  -71" for N-methyl-dNM. 
We postulated that this con form at ion a 1 d i ffe re nce may 
explain the fact that only dNM and not any of its N-sub- 
stituted analogues reduced the synthesis of lipid-linked 
oligosaccharides resulting in the synthesis o f  proteins con- 
taining a reduced number o f  N-linked glycans"". T h e  
C1-OH group in CAS and the Ch-OH group i n  valio- 
lamine occupy ii position that is almost perpendicular t o  
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Figure 10. Preferred conformation of dNM, N-ulkylated dNM derir,a- 
t i iw ,  CAS and i~uliolamine. N-ulkylation of dNM changes the preferred 
gauche-trans conformation for dNM into a gauche-gauche conforma- 
tion placing the Cb-OH group in a position perpendicular to the plane 
v f t h e  azapyranose ring. A similar position is taken by  the CI-OH group 
of CAS and the C6-OH group of i~aliolamine. The structures of 
idicnamine and i,uliduniine are also shown. 

the plane of  the ring(s) (Figure 10). We have proposed 
that, in the case of CAS, this preferred conformation is 
responsible for its strong antiviral and a-glucosidase in- 
hibitory activity'". In the case of valiolamine, the addi- 
tional a-C.5-OH group will force the C6-OH group in a 
pseudo-axial position and again this may be the basis for 
valiolamine's strong a-glucosidase inhibitory activity. 
Valiolamine shows significantly higher activity than two 
related pseudo-amino sugars, i.e. valienamine and 
validamine". The pseudo-axial position of the C6-OH 
group in N-substituted dNM analogues is probably the 
reason for our difficulties in synthesizing the C6 esters 42 
( N-benzyl-6-0-butyryl-dNM) and 48 (N-decyl-6-0-ben- 
zoyl-dNM) due to a reduced reactivity of the primary 
hydroxyl group (Lide supra). 

Biologica I a ctir,ity 

Assays. The effects of the series of glycosidase inhibitors 
(see Table 11, structures not shown) on the biosynthesis, 
maturation, oligosaccharide structure and secretion of 
a ,-antitrypsin were investigated in HepG2 cells3' (Figures 
11-13 and 15). In Table 11, the estimated number of 
glucose residues on a,-antitrypsin after incubation with 
inhibitor at 3 mM is given. The data for the a-glucosidase 
inhibitor CAS (2) and the a-mannosidase inhibitor SW (4) 
are depicted in Table I1 for comparison. Streptolysin 
0-permeabilized HepG2 cellss2 were used to investigate 
the role of transport of inhibitors across the plasma mem- 
brane on their glucosidase inhibitory activity (Figure 14). 
Antiviral activity was investigated by HIV"'b-induced syn- 
cytia formation4d,". 

a-Glucosidase inhibitory actir<ity in intact HepG2 cells"9. (i) 
N-alkylation. The following conclusions can be drawn on 
the a-glucosidase inhibitory activity as measured in HepG2 
cells (Table 11)"". Inhibition of a-glucosidases is increased 
by N-substitution of dNM with a straight (ar)alkyl chain: 
N-methyl- (34), N-butyl- (35), N-pentyl- (38) and N-ben- 
zyl-dNM (41) (see also Figure 11) showed significantly 
higher activity than the parent drug dNM. N-Benzyl-dNM 
(41) (see also Figure 12) showed a maximal inhibitory 
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Figure 11. Titrution ( B )  and analysis vf Endo-H-releci.sc~cl (Y ,-anti- 
trypsin oligosaccharides ( A )  from inhibitor-treated HepG2 cells. HepG2 
cells were pretreated for 2 h with indicated concentrations of inhibitor 
and labeled for I h with 100 pCi vf 0-12- 'H/mannose ( A )  and 20 pCi  
of /i5Slmethionine-cj~steine ( B )  in continuous presence of inhibitors. 
a , -Antitrypsin was isolated by immunoprecipitution from cell 1y.sute.s for 
analysis by SDS-PAGE (10%' AA) (B)  or its oligosaccharides were 
released by digestion with Endo H for analysis by gel filtration (Bio-Gel 
P-4 column). A:  Gel filtration profiles of oligosaccharides deriiwl from 
control cells (c), cells treated with 0.5mM N-decyl-dNM (47) and 
3.0mM benzyl-dNM (41) are shown. The elution positions of the 
marker oligosaccharide .structures Glc,? ~ , Man,GlcNAc and 
Man,  ~ ,GleNAc are indicated. B: Effects of 3-0-methyl-dNM (49), 
N-decyl-dNM (47) and N-pentyl-dNM (38) were examined on the 
biosynthesis, maturation and transport of a ,  -antittypsin and unalysed 
on SDS-PAGE. The position of a,-antitrypsin with the high mannose 
(HM) and mature complex (C)  type forms as determined for untreated 
cells (c, control) are indicated. a I -Antitrypsin-carrying glucose-contain - 
ing HM-type oligosaccharides that accumulate in the inhibitor-treated 
cells, migrate between the HM and C bands. 

benzyl-dNM c 
' 0.01 0.1 1.0 3.0" 0 (mM) ----- 

-C 
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Figure 12. Titration of N-benzyl-dNM (41) in HepG2 cells. HepG2 
cells were pretreated for 2 h with indicated concentrations vf N-benzyl- 
dNM and labelled for 1 h with 20 pCi  of 1-"Slmethionine-cysteine in 
continuous presence of inhibitor. a ,-Antitrypsin was isolated by im- 
munoprecipitation from cell lysates and analyseti by SDS-PAGE (10% 
AA). The positions of a,-untitrypsin with high mannose (HM) and 
complex (C)  type o1igosaccharide.s are indicated as determined for 
untreated cells (c) .  a ,-Antitrypsin-carrying glucose-containing H M  type 
oligosaccharides that accumulates in the inhibitor-treated cells, mi- 
grates between the HM and C bands. 
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effect at 1.0 mM, whereas for the other  d N M  derivatives 
inhibition was maximal at 3.0 mM. Figure I:! illustrates 
the stepwise dose-dependent formation of Glc I -  (0.01 
mM), Glcz- (0.1 mM) and Glc,Man,,GlcNAc, (1.0 mM) 
a,-antitrypsin oligosaccharides due to the  action of a 
glucosidase inhibitor. Inhibition of a-glucosid:tsc I is still 
incomplete a t  3.0 mM. Glucosidase-inhibitor-treated cells 
synthesize glucosylated a,-antitrypsin oligosaccharides 
which a re  sensitive t o  Endo H treatment; this is illustrated 
in Figure 13 for N-benzyl-dNM. T h e  length o f  the N-alkyl 
chain cannot be extended beyond ii certain limit due to  
detergent-like propcrties ;IS observed with N-decyl-dNM 
(47) (see also in  Figure I I the lack of  a,-antitrypsin in the 
lanes o f  1 .O and 3.0 mM). However, clear inhibition of 
a-glucosidase at  concentrations a factor 5- 10 lower than 
for some of the other N-alkyl-dNM analogues, C . R .  34, 35 
and 38, was observed. It  would be of great interest to  
modify the chemical structure o f  47 in such a way that 
glucosidase inhibitory activity is retained and ):he drug-re- 
lated cell toxicity is eliminated. Studies directed at  this 
goal are  underway and will be reported in due time. 

fii) Rrurichirig of t / i c  N-ulkyl side c h i n .  Branching of  the 
N-alkyl side chain leads to a remarkable reduction in the 
ability of  the drug to alterate glucose trimming. The 
N-isobutyl-dNM (36) isomer is less active th .m N-butyl- 
dNM, while the N-(cyclopropylmethy1)-dNM (37) isomer 
is almost inactive. In case o f  the N-pentyl-dNM (38) 
analogues, N-isopentyl-dNM (39) shows activity compara- 
ble to  that o f  38, while N-(cyclobutylmethy1)-dNM (40) is 
almost inactive. Also, the position o f  the phenyl group in 
the alkyl side chain as well as substitution of the phenyl 
group in N-benzyl-dNM (41) is of importance. N-(.?-Phew 
ylpropyll-dNM (45) as  well as N-[ p-(trifluoromethy1)ben- 
zyll-dNM (43) and N-[m-(trifluoromethyl)bcnzyl]-dNM 

C cas dNM 
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inhacellubr secreted 
' c 2-hydmyethyl-dMM sw I '  c 2-hydroxyet I-dMM 5w ' 
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(44) show decreased activity as compared to  compound 
41. N-[2(p-Fluorophenoxy)ethyI]-dNM (46), a dcrivativc 
of 45, is comparably active to  45 but less active than 41. 

( i d  Ester derirutii'rs. Of two structures, N-benzyl- (41) 
and N-decyl-dNM (471, ester prodrugs were synthesized, 
i.e. compounds 42 and 48, respectively ( r idc supru). N- 
Benzyl-6-O-butyryl-dNM (42) and N-decyl-6-O-henzoyl- 
d N M  (48) showed activity comparable to that of their 
respective parent compounds. These results are  contrary 
to  what has been reported for 6-0-butyryl-CAS. Surpris- 
ingly, this ester derivative was found to  be 20 times more 
active in vitro than CAS itself". T h e  role o f  the position 
of the ester group in N-substituted dNM derivatives on 
biological activity has not yet been studied and we arc 
currently investigating this. 

(ii.) 3-0-Merhyl derii,aliiv.s. Subsequently. the cffcct of 
replacing the 3-hydroxyl group in dNM and dMhl  with it 

methoxy group, i .r .  compounds 49 and 56, respectively, 
was investigated. A s  shown in Table 11. 3-0-methyl-dNM 
(49) (see also Figure 11) and 3-0-methyl-dMM 156) dis- 
played n o  activity. Apparently, the 3-hydroxyl group is 
important for binding of d N M  and dMM to the enzymes, 
presumably through an interaction with a hydrogen bond 
acceptor. A study in the literature reported that .3-deoxy- 
3-fluoro-dNM (10) showed 26% inhibition at I mM and 
63% inhibition at  5 mM against yeast a-glucosidase2'. 
The  corresponding N-butyl-3-deoxy-3-fluoro-dNM deriva- 
tive (structure not given) showed, however, much less 
activity: 1 1 %  at 1mM and 18% at  SmM concentrations". 
Our data  indicate that caution should be taken in inter- 
preting biological data on enzymes: a-g1ucosid;tses oh- 
tained from yeast and from mammalian cells are distinct 
in their sensitivity t o  azasugar inhibitors. The un- 
favourable interaction of the 3-0-methylated azapyranose 
ring in 49 with trimming a-glucosidase could not be  
compensated for by introduction of an N-alkyl side chain 
as in 50. N-Decyl-3-0-methyl-dNM (50) still lacked bio- 
logical activity; it showed drug-related ccll toxicity a t  
concentrations comparable to  those for N-decyl-dNM (47). 
A point relating to what has been described above is thc 
following. In a previous paper we reported the lack o f  
anti-a-glucosidase inhibitory activity of two tetra-acetate 
derivatives: N-benzyl-tetra-0-acetyl-dNM and N-butyl-te- 
tra-0-acetyl-dNM (structures not shown)3". Given the high 
activity of the 6-mono-esterified analogue(s) 42 (and 48) it 
can be concluded that presumably n o  intracellular hydrol- 
ysis of ester prodrugs occurs when no free hydroxyl group 
is present. 

( I , )  CI deriiutiivs. Compounds 51, 52 and 53 arc' deriva- 
tives of d N M  modified at  C1. None o f  these drugs showed 



a-glucosidase inhibitory activity in HepG2 cells. The  lac- 
tam 1-oxo-dNM (51) was earlier reported to have a K ,  of 
37 p M against sweet almond p-glucosidase"'. However, 
this information proved o f  n o  predictive relevance as to 
the activity of 51 against the processing a-glucosidase. 
From da ta  in the,literature it is known that azaglucopyra- 
noses with an sp- C1 atom show activity against p-gluco- 
sidases rather than against a-glucosidases"-J. T h e  lack of 
activity o f  I -a-cyano-dNM (53) is surprising since several 
1-a-substituted d N M  derivatives, e.g. 17, 18, 19 and 20, 
have bccn reported to  possess a-glucosidase inhibitory 
activity (see Table I ) .  

a-Gliic~ositlusc inhibitory uctiiitv in permeuhilized HepG2 
cclls F_' 

CAS is the most powerful a-glucosidase inhibitor that we 
have tested in HepG2 cells thus far. CAS, but not dNM, 
exhibited a stronger inhibitory activity in streptolysin 0- 
permeabilized'2 than in intact H e p G 2  cells (Figure 14). It 
has been reported that d N M  rapidly enters the  cell, in 
unprotonated form, through non-facilitated diffusions4-". 
T h e  plasma membrane apparently constitutes a perme- 
ability barrier for CASIg, but not for d N M  t o  enter  the 
cytosol in order  t o  gain access to  the target enzymes in the 
ER. This  unexpected finding calls for further investigation 
on  the membrane permeability properties of glycosidase 
inhibitors. Also, concentrations required for significant 
inhibition of a-glucosidase in HepG2 cells and syncytia 
formation of HIV-infected cells (IC,(, in mM range) are  
much higher than the concentrations required t o  inhibit 
isolated a-glucosidases ( IC,,, in p M  range). This discrep- 
ancy is likely due to  differences in accessibility of enzymes 
in isitro and in i i i . o .  

a-Munnosidu.sc inhibitory uctii?tv in intact HepG2 cells.'" 

Analogues o f  the a-mannosidase inhibitor dMM, i.e. 54- 
56, did not show activity in the HepG2 assay. This obser- 
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vation confirms earlier data  that N-alkylation of dMM, 
unlike N-alkylation of dNM, resulted in loss of a-man- 
nosidase inhibitory activity ( i i de  supra)". Incorporation of 
a phenyl group (N-benzyl-dMM, 54) o r  a hydroxyl group 
[ N-2(hydroxyethyl)-dMM, 551 in the side chain of dMM 
resulted in complete loss of activity. However, compound 
55 showed an inhibitory effect different from the effects 
of dMM and SW (Figure 15). At  high concentration (25 
mM), the effects of N-(2-hydroxyethyl)-dMM, 55 resem- 
ble that of SW. W e  have no explanation for these observa- 
tions. 

Antiiiirui actir~ty~~, ' . '  

T h e  following conclusions can be  drawn regarding the  
antiviral activity of compounds 34-56 (Table 11). For 
selected compounds (i.e.,  1, 2, 35, 36, 38, 41, 47 and 49) 
the  dose dependency of inhibition is shown in Figure 16. 
A remarkable parallel in activity in the HepG2 and the 
HIV-I assays was observed"' '"'o ref. 4h . However, for com- 
pounds 43 and 44 a poor correlation was found, under- 
scoring the need for parallel testing. T h e  most potent 
a-glucosidase inhibitors, i.e. N-butyl- ( 3 9 ,  N-pentyl- (38), 
N-benzyl- (41) and N-decyl-dNM (47) and C A S  (2), also 
showed the strongest inhibition of HIV-induced cy- 
topathogenicity. In agreement with observations of others, 
N-butyl-dNM (35) exhibited potent antiviral ac t i~ i ty~" . ' ,~ .  
In ou r  hands compounds 35, 38 and 41 were at least as  
effective as CAS (2). Compounds 38 and 41 showed 
a 100-fold lower TCID,,, (50% tissue culture infectious 
dose), similar to  CAS'". Neither dMM4",d nor one  of its 
analogues 54-56 showed antiviral activity. T h e  results 
described above indicate a strong correlation between 
glucosidase inhibition observed in human hepatoma 
HcpG2 cells and antiviral activity observed in HIV-in- 
fected cells. T h e  use of both these assays should enable us 
to select a-glucosidase inhibitors which show promise for 
antiviral chemotherapy. Special attention will be  paid t o  
the membrane permeability properties of the  inhibitors 
using permeabilized HepG2 cells. 

1 2, 38 41 
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Figure, 16. Improi ,id efTeciii.rries.s of N-ulkylated dNM compounds in inhibiting HIV-inducid syncvtium forniution. The HIV-I-infected promoriocyytic 
cell l iric U0.77 wus grown iri ihc prcsericx~ o f  the iridicaied uniounts o f  irihibitors for ut least 3 days in Iscow's modlfiied Dulhrcco :s medium coriiuining 
10% k i u l  calf .swum it1 I rri l  culiurc~.s. Cornpoutids shown ure (I" (1). CAS (2) ,  N-butyl- (35), N-isohutvl- (36). N-pcmtyl- (381, N-henzyl- (41). 
N-rlccyl- (471 ri i ir l  3-O-nicdryl-rlNM (49). Cell.\ wcw hunwted ,  counted urid mixed with uninfected slrpT1 cells in 96-well Nunc plates. A,ficr 6 h and 24 
I i  ctrlirrrcs w i w  scored for  ,svttcytiu wrih a niicro.scope und cornpured to controls in u semi-quutitifutii.e munnc'r ( < 5% 25% 75% urid > 9S%:, sw 
ctl.so Tuhk I I :  + + , + , + / - urrd - , rL.SpKlil'e/y). Mean inhihition percmtuges of three expwirnents ure shown. 
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Experimental 

C/ic~nii.stry 

'H-NMR (200 o r  360 MIlz), "C-NMR (SO MHL) and "F-NMR (188 
MHz) spectra were measured using a Bruker WM-200 spectrometer: 
chemical shifts are given in ppm (6 )  relative to TMS for spectra run 
in CDCI, and CD,OD or  relative to D 2 0 .  Optical rotations were 
recorded at umhient temperature on a Perkin-Elmer .!41 polarime- 
ter. TLC analysis was performed on  Merck DC-Fertigplatten 
(Kieselgel 60 F254). Compounds were visualized by spraying with 
Ii,SO, /EtOt1, 1 :9  or  CI,-TMB. For column chromatoljraphy Merck 
Kieselgel 60 (230-400 mesh) was used. The synthesis of  dNM (1) was 
carried out iih described earlier". 

Cesium carbonate (2.1 mmol, 684 mg) was added t o  a srirred suspen- 
sion of  dNM (1, 2 mmol, 326 nig) and cyclohutylmethvl bromide (4 
mmol, 0.42 ml) in 10 ml o f  dry DMF. The suspension was stirred for 
12 days at 70°C. After completion o f  the reaction, the suspension was 
filtered and the filtrate concentrated. Column chrom;itography o n  
silica gel (eluent i P r O H / H 2 0 / N H , 0 H .  190: 1 0 :  1 )  afforded the 
pure compound 40 in 16%. yield. TLC: R ,  0.63 (eluent 
iPrOH/HLO/NH,OH.  160:40: I ) .  'H NMR (CD,OD): 1.65-2.15 
(m, XH. Ctll( 'H,CH,, H l a x .  t i5) ,  2.52 (dd. l t l ,  NCH,!CH. ' J  6 Hz. 
' J  13 Hz), 2.56-2.67 (m. IH,  NCH2CU),  2.89 (dd, IH. NCH'CH. ' J  
7 llz, ' J  13 Hz), 2.YY (dd. Hleq ,  ' J  5 Hz. ' J  1 I Hz), 3.12 (t .  113. J 9 
Hz), 3.34 (1, H.,, J Y I lz ) ,  3.44 (ddd, H2. J ,  9 Hz), 3.82 
(dd. H6, 'J  3 Hz, ' J  12 Hz), 3.86 (dd. HO. ' J ' 3  Hz.?J 12 Hz). I3C 
N M R  ( C D ' O D ) :  19.60 (CH,C_H,ClI2) .  29.12 and  29.25 
(CII,CH2('I 1:). 34.09 (NClJ,C_H), 57.91. 59.25 and S9.Yh (Cl. C6. 
NC_II,CFI). 67.00, 70.53. 71.76 and 80.34 (C2. C3. C4, CS).  [(u],,'" 

5 l l z ,  J ,  

- 30.0" ( C  I .(I .  ('H 'OH). 

N-Berrz?..l-6-O-hrit~ryl-tlNM (42) 

2,2,2-Trifluoroethvl hutyrate ( 5  mmol, 850 mg) and mbtilisin (100 
mg)" were added to a stirred solution o f  N-benzyl-JNM (41. 0.5 
mmol, 126.5 mg) in 10 ml o f  dry pyridine. The reaction mixture was 
stirred for 3 weeks at 50°C. The mixture was filtered and the filtrate 
concentrated. According to TLC a mixture of reaction products was 
obtained. Column chromatography on silica gel (eluent toluene/ 
ethanol, 95:s) afforded the desired monobutyrate (42 8 %  yield) as 
well a s  N-henzyl-2,6-di-C)-butyryl-d" (structure nct shown. 5% 
yield). TLC: R ,  0.25 (42) (eluent toluene/ethanol, 9 :  1 ). The hydro- 
chloride of 42 was prepared from 0.25N HCI in MeOH. 'H NMR 
(D,O): 0.76 ( t .  311. CI1?CHI. J 7 Hz), 1.47 (sextet, 2H, C€12C11 . J 
7 Hz),  2.20 (1, C'(O)CII,, J 7 Hz), 2.74 (dd, Hlax .  ' J  1 1  Hz, '; 12 
Hz). 3.15 (dtl. Hleq ,  -'J 5 H z ,  ' J  12 Hz), 3.28-3.58 (in, 4H. tl2. H3. 
f14, NCH,Ph), 4.00 (d, IH,  NCu,Ph,  J 13 Hz), 4.53 (dd. H6, ,J 2 
Hz, ' J  12 Hz). 4.02 (dd, 116', ' J  2 Hz, ' J  12 Hz), 7.25-7.38 (m. 5H, 
Ph). "C NMR ( D 2 0 ) :  15.56 (CH,C_H,). 20.52 (C_H2CH1), 38.02 
[ C ( 0 ) c H 2 ] ,  55.90 and 60.21 (CI. C , ,  NC_H,Ph). 67.12, 68.69 and 
70.08 (C2, ('4. CS),  78.58 (C3) ,  131.24-133.99 (Ph), 178.48 [CCO)]. 

N - [ p  (Trifl i ioromct/i~I)h~~iizyl/-dNM (431 

This compound was prepared in 56% yield from dNM (1. 2 mmol, 
326 mg) and /,-(tritluoromethyl)benzyl bromide (4 mmol. 0.61 ml) 
according t o  the procedure used t o  prepare 40 (c-idc supru).  TLC: R ,  
0.93 (eluent iPrOH/H@/NH,OH. 160:40: I ). ' H  NMR iCD,OD): 
1.88 (dd, Fllax. .3J -J 1 1  Hz), 2.14 (ddd, H5. J 5 - ( ,  3 HL, J i - 4  9 Hz), 
2.74 (dd, Hleq ,  ' J  5 Hz, ' J  = I 1  Hz), 3.12 (t, H3. J Y Hz). 3.22-3.43 
(m. 3II, 112, H4, NCH,Ph), 3.87 (dd, Hh. ' J  3 Hz. '.I' 12 Hz), 4.05 
(dd, HO', .'J 3 liz. ' J  12 Hz), 4.32 (d, IH, NCH,Ph), 7.55 (ABq, 4H, 
Ph, J 9 HI). I%' NMR (CDCI'I: 55.96, 56.26 and %.89 (CI, C6. 
NC_H2Ph), 06.18, 69.01. 70.Y4 and 78.80 (C2. (3, C4, ( . 'S) .  124.08 (d, 
CF.7. J 270 I I z ) ,  125.15 (Ph), 129.17 (Ph), 129.46 (d, C_('F,, J 29 Hz), 
142.17 (Ph). [ u ] I , ~ "  -35.6" ( C  1.0, CH,OH).  

N-lni- ~Tr i~ l i io ro~? ie t / i~ l )her i zy l~ -dNM (44) 

This compound was prepared in 5176 yield from dNPd (1. 2 mmol, 
326 mg) and ni-(tritluoromethyI)benzyl bromide (4 n-mol. 0.61 ml) 
according t o  the procedure used to prepare 40 ( i i t l e  sirpru). TLC: R f  
0.92 (eluent iPrOll /H,O/NH,OH, 160:40: I ) .  'H NMR (CD'OD): 
1.94 (dd, 1Il:tx. "J  ' J  1 1  Hz), 2.20 (hr d, HS, J 9 Hz), 2.78 (dd. Hleq ,  
'J  5 l i z ,  ' J  I1 tlz), 1.15 (1. H3, J 9 Hz), 3.30-3.47 (ni, 3H, H2, H4, 
NC'U'Ph), 3.93 (dd, H6, ' J  3 Hz, ' J  12 Hz), 4.08 (dd, Hh'. ' J  3 Hz, 
' J  12 l l z ) ,  4.37 (d,  IH,  NCH'Ph). 7.45-7.70 (m,  4H, l'h). "C NMR 

(CDCI.3): 59.73. 56.27 and 58.90 (CI, C6, NcI1,Ph). 60.10. 0X.XX. 
70.97 and 78.74 (C2, C3. C4. C5). 124.00 (d.  CF', ./ 270 1 1 ~ ) .  124.08, 
125.51 and 128.88 (Ph). 130.62 (d .  CCF,, J 32 IIz). 132.34 ( I % ) ,  
138.88 (Ph). [CY]I>'" -30.8" ( C  1.0. <'H;011). 

N- /p -  (Nuorop/ie~io~~?eth?..l/-dNM (46) 

A 10% solution of  Pd/C (330 mg) was added to ;I solution 01 60 (0.5 
mmol, 330 mg) in  tBuOt1/ll2O/I1OAc 13:.3: I) and hydrogen was 
passed through the solution. After 24 h the catalyst was filteretl olf 
and the filtrate was treated with Amberlite 01 1 and concentrated. 
Yield 119 mg (79%). TLC: Rf 0.78 (eluent Ct12C'12/MeOll. X:2). 
'H NMR (D'O): 2.40-2.53 (m, 211, t l l a x ,  115). 1.08-3.27 (111. 311, 
Hleq,  NCH,CH,). 3.30 ( t .  H4. J 0 Hz). 3.44 ( t .  113, .I 0 I l l ) .  3.50 
(ddd, fK2. .I 5 Hz, J,-  0 Hz). 3.XY (dd, HO. ' J  3 I k .  .'J 13 I l l ) .  4.02 
(dd, 116', ' J  2.5 Hz, ' J  13 Hz), 4.20 (1. NCT12C'U2, ./ 5 1 1 ~ ) .  
6.93-7.19 (m, 411. Ph). " C  NMR (D,O) 53.05. 58.77. 60.34 and h7.YX 
(CI, C6, NCH,CH2) ,  68.22, 71.42 and 72.64 (C2, (~4.  C.5). S0.YO ( ( .3) ,  
318.50-318.96 (Ph), 156.77 (Ph). 160.13 (d, CF, .I 236 l l z ) .  "'I2 NMR 
(D,O) - 127.68 (CF). [(u],,"' - 2.4" ( C  1.0. l 1 2 0 ) .  

N- I~e~~ l -~ , -O-he i i zo l -dNM (48) 

NaH (0.14 mmol, 6 ~ n g ) ' ~  was added to a solution of N-d~cyl-tlNM 
(47, 0.07 mmol,  21.2 mg). 2-mercaptothiazoline ben7oatc (0.07 niniol. 
IS.6 mg) and a catalytic amount  of 4-(dimethylaniino)pyri~lini. under 
nitrogen at 0°C. The reaction mixture wah stirred lor 3 ti. Dtrwcx 
50Wx4 ( H  * form) was added and stirring was continued lor 30 niin. 
After filtration the filtrate wits concentrated and the product WIS 

purified by column chromatography on silica gel (cluent toluene/ 
ethanol. 9 :  1 )  t o  give 13 mg (4S%) o f  the de\ired ester 48. TLC': K ,  
0.68 (eluenl toluene/ethanol, 9: I ). The hydrochloride ol' 18 wah 
prepared from 0.2SN IICI in MeOIl. ' 1 1  NMR (CI),OD) 0.73 (1. 311. 
CH,CH,), 1.00-1.25 [m, 1411, (Cl12)7Cl13], 1.50-1.70 (m. 211. 
NCH'CH,). 2.90 (dd. Hlax, ' J ,  ' J  I 1  I lz ) .  3.20-3.75 (in. ? I t .  l l l cq ,  
H2, H3, H4, H5, NCH,CH,), 4.63 (dd,  116, ' . I  3.5 I ~ L .  - J  I 2  1 1 ~ ) .  
4.73 (dd. Hh', ' J  2.5 Hz. ' J  I 2  Hz), 7.30-7.54 and 7.94-8.00 (111. 511. 
Ph). "C NMR iCD,OD) 14.33 (C'H3), 23.59. 27.53. 30.07. 70.26. 
30.45 and 32.0') [(C_H,),CH '1. 54.92 (NCH 2C'H '. ('1 1. 00. I0 (('0). 
65.60. 67.79 and 09.43 (C2,  C3, c 4 .  CS) ,  129.01. 130.37. I.iO.X5 a n d  
134.71 (Ph), 167.19 ( C ( 0 ) ) .  [ c ~ ] ~ , " ' - O . 5 "  ( ( ,  0 3 .  Cl l  1 0 l l ) .  

.l-O-Methpl-dNM (49) untl 3-O-A4(~tliyI-dMM ( 5 6 )  

A solution of 66 (3.58 mniol, 1.25 g )  in 15 ml ot tr i l l t ioroacctic-~tci~i/  
water, 9 :  I was stirred at  room temperature for approximatcly 30 niin 
until no starting material could be detected by TIL '  ;inalysi\ (eluent 
EtOAc/hexane, 3 :  7)". An excess of toluene was added iincl the 
solution was concentrated end dried (l.lY7 g). The residue W ; I ~  used 
without purification for the subsequent reaction. 
To  a solution of the isopropylidene-deprotected compound ( 1.154 g) 
in 15 ml of tBuOIl / l I ,O/I iOAc,  4 :  I : I .  h a s  added 2 0 ( ;  
Pd(OH)' / C  (1.15 g). The reaction mixture was hydrogen;itcd 
overnight in  a Parr apparatus at 55 psi 11;'. The catalyst was filtered 
o f f ,  the filtrate concentrated and the remaining oil was purified hy 
column chromatography on silica gel (eluent iPrOH/l i  2 0 / ' N l  i 4 0 1 1 ,  
185: 15: 1) to  give 549 mg (87% yield) of 49 and 81 mg ( l3?  yield) of 
56 TLC: Rf 0.42 (49) and 0.20 (56) (eluent iPrO11/l120/Nll,011, 
160 : 40 : 1 ). 

Compound 49. ' 1 1  NMR (D'O): 2.60 (dd, I l l a x .  ' J  I I 117. - . I  12 1 1 ~ ) .  

Hz), 3.23 (dd. Hleq ,  ,J 5 Hz, ' J  12 Hz). 3.43 (1. H4. .I 0 l l z ) .  
3.58-3.70 (m,  H2), 3.66 (s.  OCII,), 3.65 (dd, 110'. ' J  0 117. .'./ I 2  117.). 

3.87 (dd, H6, '5 3 l lz ,  ' J  12 1 1 ~ ) .  " C  NMR (D,O): 50.80 ( ( '1  ). 02.83 
(OCII'), 63.05 (CO). 63.17 (C5) .  72.18 and 72.81 (C?. C4). Y0.40 ((3). 

Compound 56. 'H NMR (D,O): 2.63 (ddd. IIS, . I ,  h, 4 117.  .Ii ,I 10 
Hz), 2.84(dd, Hleq ,  ' J  1.5 Hz. ' J  14 IIz), 3.14 (dd. l l l a x .  ' J  3 I I / ,  ' .I 
14 Hz), 3.29 (dd. H3. J , ~  3 Hz. J ,  -., 9 111). 3.47 i\. O C ' I I  '). 3.70 ( I .  
H4. J 9 Hz), 3.82 (d, H6, Il6', J 4 IIz), 4.30-4.35 (ni. 112). "(' NMR 
(D20) :  50.57 (CI ). 58.85 (OCI-1 '), 62.90 (C6). 63.25. 66.70 ;in11 00.57 
(C2. c4. C5), 86.13 (0). 

2.73 (ddd. H5. J ,  ,, 3 Hz. J ,  (,, 6 Hz. J S  4 Y HL) .  3.17 ( 1 .  113. .I 0 

T o  a solution o f  49 (0.45 mmol. 80 mg) i n  15 ml ol 
t B u O H / H 2 0 / N l I , 0 H ,  18:9:3 under N, was ;idded 80 mg 20% 
Pd(OH),/C and decanal (4.5 mmol. 847 ~ 1 ) .  The mixture was 
hydrogenated in a Parr apparatus at 55 psi I t 2  f o r  2 1Iay5, The 
catalyst was removed by filtration and the filtrate was extractcd with 
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CH,CI, repeatedly to remove decanal. The product was obtained in 
50% yield. TLC: Rf 0.80 (eluent iPrOH/H,O/NH,OH, 160:40: 1). 
The hydrochloride of SO was prepared from 0.25N HCI in MeOH. 
' H  NMR (CD,OD) 0.89 (br t, CH,CH,), 1.15-1.40 [br s, 14H, 
(CH,),], 1.50-1.70 [br s, 2H, CH,(CH,),I, 2.64 (br t, 2H, Hlax. H5, 
J 10 Hz), 2.83-3.30 (m, 4H, H2, Hleq, NCH,CH,), 3.00 (t, H3, J 9 
Hz), 3.55 (t, H4, J 9 Hz), 3.64 (s, OCH,), 3.85 (dd, H6, J 12 Hz), 
3.97 (dd, Hh'. J 12 Hz). I3C NMR (CD,OD): 14.36 (CH,CH,), 
23.62, 2459, 27.98, 30.32, 30.54 and 32.94 [(CH,),], 53.89 
(NC_H,CH,), 55.98 (Cl), 56.84 (C6), 61.15 (OCH,), 67.36, 68.81 and 
69.70 (C2, C4, C5), 88.84 (C3). 

This compound was prepared in 95% yield from dMM (2, 2.5 mmol, 
400 mg) and benzyl bromide (2.6 mmol, 0.31 ml) according to the 
procedure used to prepare 40 ( i ide  supra). TLC: R ,  0.85 (eluent 
iPrOH/H,O/NH,OH, 160:40: 1). IH NMR (D,O): 2.25-2.40 (m, 
Hlax. HS). 2.94 (dd. Hleq, ' J  3 Hz, ' J  13 Hz), 3.47 (dd, H3, J,-' 3 
Hz, J 3 - ,  9 Hz), 3.45 (d, IH. CH2Ph, J 13 Hz), 3.78 (t, H4, J 9 Hz), 
3.90 (ddd, 112, J 1.5 Hz J 3 Hz), 4.02 (dd, H6, '.I 3 Hz, 3 Hz, ' J  
13 Hz), 4.19 (dd, H6', 3 Hz, ' J  13 Hz), 4.20 (d, lH, CH,Ph, J 13 
Hz). 7.35-7.45 (m, 5H. Ph). "C NMR (D,O): 57.20, 59.27 and 60.47 
(CI, NC_H2Ph, C6), 69.25, 70.27, 70.45 and 77.06 ((22, C3, C4, CS),  
130.44, 131.30 and 132.71 (Ph). [cz],,~'' -45.8" (c 0.5, H20) .  

An excess of ethylene oxide was added to a solution of dMM (2, 0.61 
mmol, 100 mg) in 4 ml of dry DMF in a pressure reaction vessel. The 
sealed container was stirred for 1 day at 80°C. Concentration of the 
solvent in i'acuo and purification over silica gel (eluent EtOH/ 
H,O/NH,OH, 16: 1: 1 )  afforded 121.3 mg (95% yield) of the de- 
sired product. TLC: R,  0.25 (eluent iPrOH/ H ,0 /NH40H,  
l60:40: I ) .  '1-1 NMR (D,O): 2.25 (ddd, H5, JS-hr J 5 - h 8  3 Hz, JS-4 9 
Hz). 2.52-2.67 (m. 2H. NCH,CH2, Hlax), 2.91-3.08 (m, 2H, 
NCHCH', Hleq), 3.46 (dd, H3, J , - ,  3 HE, J,-4 9 Hz), 3.58-3.75 
(m. 3H, NCHgCH,. H4), 3.82 (dd, H6, '5 3 Hz, 2J 13 Hz), 3.93 (dd, 
H6'. ' J  3 Hz. -J 13 Hz), 3.90-3.94 (m, H2). "C NMR (D,O): 56.06, 
58.03, 60.71 and 60.83 (C1, C6, NCHJH,), 68.84, 70.52, 70.58 and 
77.09 (C2, C3, C4, CS). [LY]~,'~' -64.8" ( c  1.0, H,O). 

NaH (oil suspension, 4.5 mmol. 166 mg) was added to a solution of 
N-benzyl-dNM (41, 1 mmol, 253 mg) in 1 0  ml of dry DMF at 0°C 
under nitrogen. To this suspension benzyl bromide (4.25 mmol, 0.5 
ml) was added slowly. The reaction mixture was stirred overnight and 
allowed to come to room temperature. Methanol was added to the 
reaction mixture and the solvents were removed in i'acuo. The 
residue was taken up in CH'CI, and extracted with a saturated 
NaHCO, solution. The organic layer was separated, dried and con- 
centrated. Column chromatography on silica gel (eluent EtOAc/ 
hexane, 1 :9) yielded 581 mg (95%) of the desired product. TLC: R,  
0.48 (eluent EtOAc/hexane, l :9).  ' H  NMR (CDCI,): 2.01 (dd, 
Hlax, ' J  10 Hz, ' J  I I  Hz), 2.40 (ddd, H5, J , - ,  3 Hz, Js-f,, 2 Hz, 
J S .  , 9 Hz), 3.03 (dd, Hleq, ' J  5 Hz, ' J  I 1  Hz), 3.37-3.68 (m, 4H, H2, 
H3, €14, NCH,Ph), 3.72 (dd, H6, ' J  3 Hz, ' J  1 1  Hz), 3.81 (dd, H6'. ' J  
2 Hz, ' J  1 1  Hz), 4.07 (d, IH, NCH Ph), 4.44-4.99 (4 ABq, 8H, 
OCH'Ph), 7.12-7.36 (m, 251-1, Ph).T'C NMR (CDCI,): 54.24 and 
56.61 (C1, NC_H2Ph), 65.07 (C5), 66.63 (C6), 72.58, 73.33 and 75.30 
(OC_HZPh). 78.28 and 78.75 (C2, C4), 87.35 (C3), 127.02-129.06 (Ph), 
138.04-139.08 (Ph). 

Pd(OH)' /C (20% w/w, 215 mg) was added to a solution of 57 (2.59 
mmol, 1.59 g) in 30 ml of dry ethanol (0.1 M). Hydrogenation at 55 
psi H L  in a Parr apparatus overnight resulted in selective N-deben- 
zylation in accordance with a recent report4". The product was 
purified by column chromatography on silica gel (eluent toluene/ 
acetone, 95 : 5  + 9: 1 )  to yield 1.28 g (91%) of 58. TLC: R ,  0.66 
(eluent MeOH/CH2C12, 95:s).  ' H  NMR (CDCI,): 2.05 (br s, NH), 
2.50 (dd, Hlax, ' J  10 Hz, ' J  12 Hz), 2.72 (ddd, H5, 3 Hz, J 5 - 6 ,  

6 Hz. J ,  , Y Hz), 3.24 (dd, Hleq. '1 5 Hz, ' J  12 Hz), 3.34 (t, H3, J 9 
Hz), 3.43-3.57 (m, 3H, H2, H,, H60, 3.67 (dd, H6, 'J 3 Hz, ' J  9 Hz), 
4.38-5.01 (4 ABq, 8H, CH,Ph), 7.17-7.38 (m, 20H, Ph). "C NMR 
(CDCI,) 48.12 (CI), 59.74 (CS), 70.25, 72.83, 73.43, 75.24 and 76.45 
(C6. cH,Ph), 80.08 and 80.64 (C2, C3), 87.35 (C4), 127.59-128.45 
(Ph), 137.99. 138.41, 138.51 and 138.93 (Ph). 

N-((p-Flucrrophenoxy~~thyl~2,3,4,b-tetra-O-henzyl-dNM (60) 

Triflic anhydride (1.44 mmol,  0.242 ml) was slowly added to a 
solution of 2-(p-fluorophenoxy)ethanol (1.6 mmol, 250 mg) and 
N,N-diisopropylethylamine (6.4 mmol, 1.12 ml) in 10 ml of dry 
CH,CI, at -20°C. After stirring for 30 min, a solution of 58 (1 
mmol, 523 mg) in 5 ml of dry CH,CI, was added slowly. The 
reaction mixture was allowed to warm to room temperature and was 
stirred overnight. To the reaction mixture 0.5N NaOH and water was 
added and the products were extracted with CH,CI,. The organic 
layer was separated, dried and concentrated. Column chromatogra- 
phy on silica gel (toluene/acetone, 97.5:2.5) afforded 3h9 mg (56% 
yield) of 60. TLC: R ,  0.72 (eluent toluene/acetone, 9: I) .  ' H  NMR 
(CDCI,): 2.44 (dd, Hlax, ' J  10 Hz, ' J  1 1  Hz). 2.52 (ddd, H5, J , - , ,  
I S - ( , ,  2 Hz, J S - ,  9 Hz), 3.11 (dt, 2H, NCli,CH,, ' J  6 Hz, ' J  I Hz), 
3.18 (dd, Hleq, .3J 5 Hz, ' J  1 I Hz), 3.43-3.70 (m, 3H, H2, H3, H4), 
3.72 (d, H6, H6', .I 2 Hd ,  3.98 (t, 2H, NCH,CH,, ' J  6 Hz), 
4.38-4.99 (4 ABq, 8H, CH2Ph), 6.72-7.35 (m. 24H, Ph). "C NMR 
(CDCI,): 50.97 and 55.38 (CI, NCH,CH,), 64.18 (CS), 65.63 and 
66.04 (C6, NCIi,C_H,), 72.86, 73.52, 75.28 and 75.44 (C_H,Ph), 78.38 
and 78.40 (C2,  C4), 87.25 (C3), 115.40, 115.63 and 116.09 (Ph), 
127.66. 127.75, 127.05 and 128.41 (Ph), 137.76, 138.50 and 138.98 
(Ph). 

I ,  2-O-lsopropylidenc~-.Z-O-mrthyl-5,6-unhydro- p - 1. -idofurariosc. (63) 

Pd/C (lo%, 0.6 g) was added by a stirred solution of 614x.J" (10.2 
mmol, 3 g) in 12 ml of dry DMF under N2. Hydrogen was passed 
through overnight until complete conversion as judged from TLC 
analysis. The catalyst was removed by filtration over hyflo and the 
filtrate was used without purification for subsequent methylation. 
TLC: R ,  0.47 (62) and 0.87 (61) (eluent EtOAc/hexane, 3:2). 
Two by-products were isolated when the hydrogenation was carried 
out in MeOH after purification by column chromatography: 1,2-O- 
isopropylidene-6-deoxyg- I .- idofuranose and 1,2-O-isopropylidene-h- 
0-methyl-p-L-idofuranose (structures not shown). 
The stirred solution was put under a N, atmosphere and an extra 23 
ml of dry DMF was added. To this solution, Me1 ( 3  eq. 1.92 ml) was 
added and the mixture was cooled to 10-15°C. NaH (oil suspension, 
12 mmol, 483 mg) was added in portions and after complete addition 
the reaction mixture was allowed t o  warm to room temperature and 
stirred for 1 h. MeOH and subsequently water were added and the 
mixture was extracted with EtOAc. The organic layer was separated 
and extracted with a NaHSO, solution, separated, dried and concen- 
trated in i'acuo. The product was purified by column chromatogra- 
phy on silica gel (eluent EtOAc/toluene, 1 :9 )  to give 1.44 g (65% 
yield) of 63. TLC: R ,  0.23 (eluent EtOAc/toluene, 2:8). ' H  NMR 
(CDCI,) 1.33 and 1.47 [2 5 ,  C(CH,),], 2.68 (dd, H6, ' 5  3 Hz, ' J  5 
Hz), 2.85 (dd, Hh', ' J  4 Hz, ' J  5 Hz), 3.23 (ddd, H5, J S - ,  3 Hz, J 5 - h c  
4 Hz, J5-4 6 Hz), 3.45 (s, OCH,), 3.79 (d, H3, J 3 Hz), 3.85 (dd, H4, 
J4-' 3 Hz, J,.-s 6 Hz), 4.62 (d, H,, J 3 Hz), 5.79 (d, HI ,  J 3 Hz). 

1,2-O-l.~opropylidene-3-O-methyl-6-O-henzyI- - I .  -idofuranose (64) 

NaH (oil suspension, 1.1 eq, 565 mg) was added to a stirred solution 
of 63 (13.88 mmol, 3.01 g) in 10 ml of dry DMF under N, at 0°C. 
Subsequently, benzyl alcohol (1.05 eq, 1.5 ml) was added dropwise". 
The reaction mixture was allowed to warm to room temperature and 
was stirred overnight at 5S"C. Diluted HOAc was added to the 
reaction mixture until neutral pH and the solvents were removed in 
i ~ ~ c u o .  The residue was dissolved in Et,O and extracted with a 
saturated NH,CI solution and a saturated NaCl solution. The or- 
ganic layer was separated, dried and concentrated. The resulting oil  
was purified by column chromatography o n  silica gel (eluent Et,O/ 
hexane, 1 : 2  + 2:3) to give I .953 g (43% yield) of 64. TLC: Rf 0.21 
(eluent Et,O/hexane, 7:3). 'H  NMR (CDCI,): 1.33 and 1.50 [2 s, 
C(CH,) 1, 2.94 (d, OH), 3.33 (s, OCH,), 3.57 (d, H6, ' J  1.5 Hz), 3.59 
(d, H6','J 1 Hz), 3.70 (d, H3, J 3 Hz), 4.14 (ddd, H5, J 3 Hz, J , - ,  5 
Hz, J 10 Hz), 4.27 (dd, H4, J4-, 3 Hz, J414s S Hz), 4.57 (d, H2, J 4 

(m, SH, Ph). I3C NMR (CDCI,): 26.34 and 26.81 [C(CH,),], 57.56 
(OCH,), 69.42 (CS), 70.70 (Ch), 73.42 (CH2Ph), 79.78, 81.69 a n d  
85.48 (C2, C3, C4), 104.81 (Cl). 1 1  1.79 [C(CH,&I, 127.69, 127.84 and 
128.38 (Ph), 138.04 (Ph i  

Hz), 4.58 (ABq, CH2Ph, J 12 Hz), 5.96 (d, HI,  JI - 2  4 Hz), 7.28-7.38 

1,2-O-lsopropylidene-S-O-ni~~thyl-S-deoxy-.~-azido-,6-~~-bet1zyl- a - I) - 
glucofuranose (66) 

To a solution of 64 (5.91 mmol, 1.916 g) and 0.5 g of 4 A molecular 
sieves in 25 ml of dry CH,CI, under N, at -20°C was added 
2,6-di-terl-butylpyridine (1.4 eq, 1 .86 ml) and then triflic anhydride 
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(1.3 eq, 1.30 The  reaction wiis complete after I ti stirring and 
the mixture was poured into ii cold saturated Na€ICO, :,elution. The  
organic layer was suhsequently extracted with B sat tirated NaCl 
solution. separated. dried and concentrated. The resulting o i l  was 
used without further purification. 
The product was dissolved in 10 ml o f  ~ l r y  D M F  and sodium azide ( 2  
eq, 768 mg) wiis ddedJH.  The reaction mixture was stirred overnight 
at  50°C. The solvent wiis removed i n  rucu(i. the residuc taken up in 
C'H,CI, and the organic layer was extracted with ;I saturated 
NaHCO,  solution. :I saturated NaC.1 solution. separated. dried and 
concentrated. The resulting oil was purified hy column chromatogra- 
phy o n  silicii gel (eluent Et,O/hexane. 1 5 : X S )  to give 1.569 g (76% 
yield) o f  66 a n d  I61 nig (Yc; yield) of a hy-product which was 
identified a s  the trillate-climin~itcd <'5-<'6-( Z)-alkene (mucture  not 
shown. J 3  (, 7 l I / ) .  TLC: Hf 0.35 (66) and  0.15 (albene) (eluent 
Et20/hexane .  I :4). ' 1 1  NMR (CDCI ,): 1.33 and i .4X ( 2  s, C(CH3IL],  
3.47 (s. OCH :). 3.56-3.65 (ni. H6). 3.XO (d. 113, J ,  , 3 l iz) .  3.XX-3.99 
(m. 2H. H5. lib').  4.07 (dd, H4. J ,  , 3 l l z .  J ,  Y t1.d 4% (d, HZ, 
1, ~, 4 Ilz), 4.00 (s- 211. CII,Ph). 5.X7 (4 111. J ,  4 IIz), 7.27-7.37 
(rn. 511, Ph). "C NMR (CDCI,): 26.24 a n d  20.711 [C(<'f13)2], 57.62 
(OCH \). 59.3 (C.5).  70.75 (CO). 73.32 (CJ1,Ph). 7x52. X I  .OY and 
X3.50 (('2. C.3. C4). 105.2X (CIL 1 I l.Y3 [('(<I1 ,),], 127.53 and 12x37 
(Ph). 137.W (Ph). 

Y 3  

The effects o f  inhihitors o n  the hiosynthesis. maturation. oligosac- 
charide structure and secretion of (r  I-antitrypsin were investigated in 
l lepG2 cells"'. The effect on retention of  glucose residues on a , - a n -  
titrypsin was tested f o r  each compound in  the range of 0.01 -0.1 - 
0.5-1.0-3.0 mM. We have reported earlier ;I f u l l  description o f  the 
methods that were uvxi, I . P .  Tirruriori 1 ? /  Inhrhitors, Biochcwricd 
Anulysis, Drgcsrion uirh Eiitlog!\,c.o.\ic/cc.\c~ / I .  0lih.o.stic.clioridc Anulysis 
and Priyururion 1 ? /  I'~~rr~ietihili~i~tl ('ell,\ in order to perform the 
hiocheniical ;issays descrihed in this study '".". 

Antiviral activity wiis investigated alter incubatink. an 11IV-I 
(lITLV""')-infectcd cell line. i . c .  UY37 I .  for three days with increas- 
ing amounts o f  inhihitors. after which the infected cell, were co-in- 
cubated with an uninfected T-cell line. Syncytium formation between 
infected and uninfcctcd cells was scored visually with ii microscope. 
allowing scmiquiintitiitive analysis (see Tahle 11). Samplcs were taken 
after the three-day incubation period a n d  mensured for p24 levels in  
a p24 capture EIisa". <>f selected compounds. inft.ctious titres 
(TCID,,,) were quantitated and compared t o  untreated samplesJ". 
The ('i# Fii.siorr ..ls.sciy and /)24 E l k i  that  were uwd to assess 
HIV-induced syncytia formation anrl  the clctcrniination o f  infectious 
titres have heen rlescrihed previously. 
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