
Polymer Journal, Vol. 30, No. 3, pp 243~248 (1998) 

Synthesis of Azidothymidine-Bound Sulfated Alkyl Oligosaccharides 
and Their Inhibitory Effects on AIDS Virus Infection In Vitro 

Ying GAO, Kaname KATSURAYA, Yutaro KANEKO,* Tom MIMURA,* 
Hideki NAKASHIMA,** and Toshiyuki URYut 

Institute of Industrial Science, The University of Tokyo, Roppongi, Minato-ku, Tokyo 106, Japan 
* Ajinomoto Co., Kyobashi, Chuo-ku, Tokyo 104, Japan 

** Dental School, Kagoshima University, Sakuragaoka, Kagoshima 890, Japan 

(Received August 28, 1997) 

ABSTRACT: In order to sustain an acquired immunodeficiency syndrome (AIDS) drug azidothymidine (Azn in high 
level in the blood, novel AZT prodrugs, i.e., AZT-bound sulfated laminaripentaose and AZT-bound sulfated alkyl 
laminaripentaosides, were synthesized. AZT was introduced into the backbone oflaminaripentaose and alkyl laminaripentaoside 
through biodegradable ester bond to give AZT-bound laminaripentaose and AZT-bound alkyl laminaripentaoside, respectively. 
Subsequently, they were sulfated with SO3-pyridine complex to produce AZT-bound sulfated laminaripentaose and AZT-bound 
sulfated alkyl laminaripentaoside. Their anti-Human Immunodeficiency Virus (HIV) activities were assayed in vitro by use of 
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) method. It was revealed that AZT-bound sulfated 
laminaripentaose exhibited much higher anti-HIV activity (EC50 =0.20µgml- 1) than AZT-free sulfated laminaripentaose 
(EC50 = 160 µgm!- 1) even when AZT was not released from sulfated laminaripentaose, and a low cytotoxicity of CC50 above 
1000 µg ml- 1 . Moreover, an alkyl group combined to the reducing end of AZT-bound sulfated alkyl laminaripentaoside increased 
the anti-HIV activity further (EC50 = 0.04-0.23 µg ml- 1 ). In addition, AZT-bound sulfated alkyl laminaripentaoside possessed 
a very low or undetectable anticoagulant activity. 
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Azidothymidine (AZT), which is an inhibitor of virus 
reverse transcriptase, was first approved to treat AIDS 
patients in 1987. 1•2 Since then, other several nucleoside 
analogues including 2',3'-dideoxyinosine (DDI), 2',3'
dideoxycytidine (DDC), 2' ,3'-didehydrothymidine 
(D4T), and 2',3'-dideoxy-3'-thiacytidine (3TC) have 
been clinically used. 3 •4 Recently, a few protease inhibitors 
such as saquinavir (Ro31-8959), ritonavir (ABT-538) 
and indinavir (MK-639) have been clinically used for 
treatment of AIDS patients. 5 Among these drugs, AZT 
is still one of the most effective drugs. Especially, a 
combined usage of AZT, another reverse transcriptase 
inhibitor (DDC, or 3TC), and a protease inhibitor is so 
effective that, in many AIDS patients, viral load was 
reduced dramatically, and could not be detected in the 
blood cells even by the most sensitive test method after 
a period of therapy. 6 However, pharmacokinetic studies 
of AZT in phase I trials have indicated that plasma 
half-life time of AZT is approximately 1 h. 7 Hence, 
frequent administration of excess AZT is necessary to 
maintain AZT therapeutic drug level in the blood, al
though AZT possesses serious side effects which are 
significant dose-related toxicities resulting in anenia 
and leucopenia. 8 •9 Therefore, an AZT prodrug with 
prolonged retention time in the blood might be desirable. 

Since De Clerq suggested that polyanions such as 
dextran sulfate may suppress Human Immunodeficien
cy Virus (HIV) replication, 10 various sulfated poly
saccharides have been reported to exhibit anti-HIV 
activities in vitro. 11 - 15 Most of them, such as heparin, 
and dextran sulfate possess a high anticoagulant activity 
that has been regarded as a serious side effect for AIDS 

t To whom correspondence should be addressed. 

patients. We have synthesized various sulfated poly
saccharides. 16 - 18 Curdlan sulfate exhibits desired bio
activities. Phase 1/11 clinical trial of the curdlan sulfate 
has been performed in the United States since 1992. The 
results have demonstrated that administration of the 
curdlan sulfate increases the number of CD4 lympho
cytes in patients' blood. 19 In addition, we have also 
synthesized various sulfated alkyl oligosaccharides with 
potent anti-HIV activities. 20 - 22 Of these, sulfated do
decyl laminaripentaoside has exhibited not only a high 
anti-HIV activity and a low to almost no anticoagulant 
activity, but also prolonged retention time in animal 
body.23 

In the present study, to synthesize novel AZT prodrugs 
with prolonged AZT retention time in the blood, AZT 
was bound to sulfated laminaripentaose and sulfated 
alkyl laminaripentaoside through biodegradable linkage. 
Synthesis of the AZT-bound sulfated laminaripentaose 
and AZT-bound sulfated alkyl laminaripentaosides was 
performed according to the synthetic route illustrated 
in Scheme 1. Anti-HIV and anticoagulant activities of 
AZT-bound sulfated laminaripentaose and AZT-bound 
sulfated alkyl laminaripentaosides in vitro were assayed. 

EXPERIMENTAL 

Materials and General Method 
Commercial AZT was used as purchased. 4-Di

methylaminopyridine (D MAP), N,N-dicyclohexylcarbo
diimide (DCC), sulfur trioxide-pyridine complex, po
tassium acetate, ferric chloride, acetic anhydride, and 
sodium methoxide were used without further purifica
tion. Pyridine and toluene were distilled before use. 1 H 
NMR spectra were recorded with a JEOL LA400 spec-
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Scheme 1. Synthetic route of AZT-bound sulfated alkyl laminaripentaosides. 

trometer working at 400 MHz. Sample was measured 
on D 2O solution. AZT content in AZT-bound sulfated 
laminaripentaose was determined by UV spectroscopy 
by using the calibration curve based on mixtures of 
5'-succinyl-AZT (5'-Suc-AZT) and sulfated oligosac
charide as references. Samples were measured in 0.1 
µg ml - 1 aqueous solutions. 

Synthesis of Alkyl Laminaripentaoside 
Alkyl laminaripentaoside was synthesized according 

to the previously reported method with a few mod
ifications. 21 •22 

Ferric chloride (0.35 g, 2. 7 mmol) was added to per
acetylated laminaripentaose (1.3 g, 0.85 mmol) and do
decyl alcohol (0.25 g, 1.34 mmol) solution in pyridine 
(5 ml) at 55°C under nitrogen atmosphere. The reaction 
was monitored by thin layer chromatography (TLC). 
After the reaction was completed, the residue was purified 
by column chromatography over silica gel using mixtures 
of ethyl acetate and hexane (7: 3, 2: 1) as eluent. Per
acetylated dodecyl laminaripentaoside was obtained in 
47% yield. 
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Synthesis of 5'-Suc-AZT, AZT-Bound Laminaripentaose 
and AZT-Bound Alkyl Laminaripentaoside 
5'-Suc-AZT was prepared in 78% yield by the reaction 

of AZT with succinic anhydride in the presence ofDMAP 
as catalyst in pyridine at 0°C. 24 

To a cetyl laminaripentaoside (0.15 g, 0.14mmol) 
solution in pyridine (5 ml) were added 5'-Suc-AZT 
(0.25 g, 0.68 mmol) and DMAP (0.10 g). Then, DCC 
(0.20 g) was added gradually to the above solution for 
30 min. The mixture was stirred for 5 h at room 
temperature. Then, hexane was poured until precipitates 
appeared. The precipitates were collected by centrifuga
tion, followed by dialyzing overnight. A white powdery 
AZT-bound cetyl laminaripentaoside (0.20 g) was 
obtained by freeze-drying from water. Yield: 88%. 

AZT-bound laminaripentaose was also prepared 
according to the above procedure by using laminari
pentaose instead of cetyl laminaripentaoside. 

Synthesis of AZT-Bound Sulfated Laminaripentaose and 
AZT-Bound Sulfated Alkyl Laminaripentaoside 
SO3-pyridine complex (1.15 g, 7 .2 mmol) was added 

to an AZT-bound dodecyl laminaripentaoside (0.20 g, 
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0.13 mmol) solution in pyridine (5 ml). The mixture was 
stirred at 80°C for 75 min. Then, it was neutralized by 
addition of a saturated NaHCO3 solution, followed by 
dialysis against deionized water overnight. The dialyzate 
was concentrated under a reduced pressure, and 
freeze-dried from water to give an AZT-bound sulfated 
dodecyl laminaripentaoside (0.22 g). Yield: 57%. 

Anti-HIV Activity Assay 
Anti-HIV activities of the AZT-bound sulfated 

laminaripentaose and AZT-bound sulfated alkyl lami
naripentaosides were assayed by use of the 3-(4,5-di
methylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) 
method. 25 In the microplate test (96 wells), MT-4 cells 
were placed in each well at the rate of 2.5 x 104 cells/well. 
The above cell culture was then infected by the addition of 
HIV-lHnv-mB at the multiplicity of0.01 in the presence 
of various concentrations of the test compound. Tests 
on mock-infected MT-4 cell were carried out in parallel 
to determine the cytotoxicity of the test compound. 
HIV-1- and mock-infected MT-4 cells were incubated 
for 5 days at 37°C in a CO2 incubator. Then, the cell 
suspension was collected and mixed with MTT. The 
viability of both HIV-I- and mock-infected cells was 
measured spectrophotometrically via the reduction of 
MTT. A 50% effective concentration EC50 was defined 
as a concentration of test compound which protects 
50% cells from the virus infection. A 50% cytotoxic 
concentration (CC50) was determined by a 50% cyto
toxic concentration of the test compound in the MT-4 
cell culture. 

Anticoagulant Activity Assay 
Anticoagulant activity was evaluated by a modification 

of the United States Pharmacopoeia method using bovine 
plasma. 26 Dextran sulfate with an anticoagulant activity 
of 21.0unitmg- 1 was used as a reference. 

RESULTS AND DISCUSSION 

Synthesis and Structure Analysis 
AZT-bound sulfated laminaripentaose and AZT

bound sulfated alkyl laminaripentaosides were synthe
sized by a series of reactions as illustrated in Scheme 1. 

Alkyl laminaripentaosides were prepared as reported 
previously with a few modifications. 21 •22 Peracetylated 
laminaripentaose was obtained in 90% yield by the 
reaction of laminaripentaose with acetic anhydride in 
the presence of potassium acetate as catalyst. The prod
uct contained P-configurated peracetylated laminari
pentaoside desirable for the next glycosidation as high 
as 87%, since potassium acetate as catalyst and high 
reaction temperature were employed. 

Alkyl group was bound to the reducing end of the 
oligosaccharide by the reaction of peracetylated lami
naripentaose with aliphatic alcohol by use of a strong 
Lewis acid FeC13 as catalyst. Table I shows the result 
of glycosidations. It was revealed that alkyl peracetylated 
laminaripentaosides were obtained in 38-47% yields, 
and no degradation of the oligosaccharide was observed 
unless the reaction temperature exceeded 55°C. 

In the deacetylation step, alkyl laminaripentaosides 
were prepared in 95% yield by adding sodium methoxide 
into alkyl peracetylated laminaripentaoside solution in 
methanol, followed by stirring the solution for 5 h. 

AZT was bound to backbone of the oligosaccharide 
by esterification of laminaripentaose or alkyl laminari
pentaoside with 5'-Suc-AZT by using DMAP and DCC 
in combination as catalyst in pyridine. Results are 
summarized in Table II. The degree of AZT substitution 
based on a glucose unit of oligosaccharide ranged from 
0.2 to 0.4, which was determined by 1 H NMR spectros
copy. It has been revealed that sulfated alkyl oligosac
charides must have degree of sulfation higher than 2.5 
to exhibit a high anti-HIV activity. 27 Since a glucose 

Table I. Glycosidation of peracetylated laminaripentaose with aliphatic alcohol 

Peracetylated LS" Aliphatic alcohol Temp FeC13 Time Yield 
No. 

g (mmol) Lengthb g (mmol) oc g (mmol) min % (g) 

I 1.0 (0.65) 8 0.35 (2.70) 50 0.30 (1.84) 10 44 (0.47) 
2 1.3 (0.85) 12 0.25 (1.34) 55 0.35 (2.15) 40 47 (0.68) 
3 1.3 (0.85) 12 0.25 (1.34) 80 0.35 (2.15) 40 trace 
4 I.I (0.72) 16 0.30 (1.24) 55 0.40 (2.45) 45 38 (0.48) 

• Peracetylated laminaripentaose. b Carbon number of aliphatic alcohol. 

Table II. Reaction of laminaripentaose and alkyl laminaripentaoside with 5'-Suc-AZT" 

Alkyl L5b 5'-Suc-AZT° DMAP/DCCd Yield DSAzT° 
No. 

g (mmol) Lengthr g (mmol) g/g g (%) AZT-Bound 

I 0.20 (0.24) 0 0.25 (0.68) 0.15/0.25 0.1 I (38) 0.208 

2 0.1 l (0.12) 8 0.15 (0.41) 0.10/0.20 0.10 (50) 0.42 
3 0.11 (0.12) 12 0.16 (0.44) 0.10/0.20 0.13 (72) 0.35 
4 0.15 (0.14) 16 0.25 (0.68) 0.10/0.25 0.20 (88) 0.31 

• Reacted in pyridine at room temperature for 5 h. b Alkyl laminaripentaoside and laminaripentaose. 0 5' -Succinyl-AZT. d 4-
Dimethylaminopyridine in combination with N,N-dicyclohexylcarbodiimide as catalyst. e Degree of AZT substitution to a glucose unit of 
oligosaccharide was determined by 1 H NMR. r Carbon number of alkyl group. 8 Determined by UV spectroscopy and elemental analysis after 
sulfation. 
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Table III. Sulfation of AZT-bound laminaripentaose and AZT-bound alkyl laminaripentaosides 

AZT-LSC• SO3-pyb Yield Elemental analysis 
No. DSul' DSAZT d [r.<Jl,'' 

g (mmol) Alkyl' g (mmol) % C H N s 
group Calcd 

Found 

0.11 (0.13) 0 0.53 (3.5) 38 18.5 2.53 2.57 17.6 3.0 0.20• +1.0 
18.2 2.54 2.08 16.2 

2 0. 10 (0.06) 8 0.40 (2.5) 34 22.9 2.95 4.20 14.9 3.1 0.42 
21.7 2.95 3.74 13.0 

3 0.20 (0.13) 12 1.15 (7.2) 57 25.4 3.34 3.52 15.0 2.8 0.31 -7.6 
25.0 3.44 3.22 14.5 

4 0.25 (0.17) 16 1.25 (7.8) 58 25.0 3.50 2.98 15.0 2.9 0.29 +2.4 
24.4 3.51 2.67 14.7 

'AZT-bound laminaripentaose and AZT-bound alkyl laminaripentaoside. b Sulfur trioxide pyridine complex. 'Degree of sulfation based 
on a glucose unit was determined by elemental analysis in combination with 1 H NMR. ct Degree of AZT substitution based on a glucose unit was 
determined by 1H NMR spectroscopy. 'Specific rotation measured in H 2 O (c= 5 µgmL - 1 ) in unit deg·dm- 1 · g- 1 ·cm 3. 'Carbon number of 
alkyl group. • Determined by UV spectroscopy and elemental analysis. h Not detected. 
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Figure 1. 400-MHz 1H NMR spectrum of AZT-bound sulfated cetyl laminaripentaoside (D 2O as a solvent at 25°C). 

umt m alkyl laminaripentaoside has 3.2 potential hy
droxyl groups on average to be substituted by AZT 
and sulfate group, the degree of AZT substitution less 
than 0.7 seems desirable to obtain an AZT-bound 
sulfated alkyl laminaripentaoside with degree of sulfa
tion of more than 2.5. In addition, it was also observed 
that 5'-Suc-AZT ester moiety increased the hydro
phobicity of laminaripentaose and alkyl laminaripen
taoside. 

AZT-bound laminaripentaose and AZT-bound alkyl 
laminaripentaosides were sulfated with SO 3-pyridine 
complex to give the corresponding sulfates. Table III 
summarizes results. The degree of AZT substitution 
(DSAzr) ranged from 0.2 to 0.4, and did not change 
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by sulfation, indicating that AZT was not severed from 
the AZT-carbohydrate during the sulfation. Sulfur 
content in the AZT-bound sulfated laminaripentaose and 
AZT-bound sulfated alkyl laminaripentaosides was in 
the range of 13.0 to 16.2%, and the degree of sulfation 
based on a glucose unit of oligosaccharide was from 
2.8 to 3.1. As mentioned above, the maximum degree 
substituted by AZT and sulfate group is about 3.2. For 
the compound (No. 2), the total substituted degree 
(DSAzr+DSul=3.5) was higher than the maximum 
theoretical data (3.2), that may be due to sodium sul
fate involved in the compound even after dialysis. 
This phenomenon was also observed in the previous 
works. 21 · 22 

Polym. J., Vol. 30, No. 3, 1998 



Synthesis and Anti-HIV Activity of AZT-Oligosaccharide Sulfate 

Table IV. Anti-HIV and anticoagulant activities of AZT-bound sulfated laminaripentaose and AZT-bound sulfated alkyl laminaripentaosides 

s ECso d CCsoe SI AN 
No. DSAzr' 

AlkyJh 
DSul' 

group 
% µgm!-, µgml- 1 CCso/ECso unitmg- 1 

1 0.20" 0 16.2 3.0 0.20 >1000 >5000 
2 0.41 8 13.0 3.1 0.23 >1000 >4350 0 
3 0.31 12 14.5 2.8 0.05 863 17260 0 
4 0.29 16 14.7 2.9 0.04 682 17050 0 

CS' 0.14 >1000 >7140 15 
AZT (mM) 0.004 7.6 1900 

a Degree of AZT substitution was determined by 1H NMR spectroscopy. hCarbon number of alkly group. 'Degree of sulfation based on 
a glucose unit. d Anti-HIV activity: Drug concentration effective for 50% inhibition of virus infection in 5-day HIV-infected MT-4 cell culture. 
'Cytotoxic effect: Drug concentration 50% cytotoxicity in 5-day MT-4 cell culture. r Anticoagulant activity: Commercial dextran sulfate having 
an anticoagulant activiy of 20.6unitmg- 1 as reference. "Determined by UV spectroscopy and elemental analysis. "Not detected. 'Curdlan 
sulfate having weight average molecular weight of 7. 9 x 104 as reference. 

Structure of the AZT-bound sulfated alkyl laminari
pentaoside was analyzed by 1 H NMR spectroscopy, as 
shown in Figure l. Assignment of peaks was identified 
according to spectra of 5'-Suc-AZT and sulfated alkyl 
laminaripentaoside. 

Anti-HIV and Anticoagulant Activities 
Anti-HIV activities of the AZT-bound sulfated 

laminaripentaose and AZT-bound sulfated alkyl lami
naripentaosides were assayed by use of the MTT method 
in vitro. 2 5 Since sulfated laminaripentaose or sulfated 
alkyl laminaripentaoside is not only an AZT carrier but 
also an anti-HIV agent in the prodrug, the prodrug itself 
possesses an anti-HIV activity even when AZT is not 
released. Moreover, it has been reported that ester bond 
binding AZT with carrier was stable under a moderate 
pH condition in vitro, 28 and AZT is not released from 
the carrier. 24 Therefore, it is assumed that activity 
detected by the MTT method represents that of the 
prodrug itself, the activity from free AZT can not be 
added to the activity detected by the MTT in vitro. 

Results of anti-HIV activities of the AZT-bound sul
fated laminaripentaose and AZT-bound sulfated alkyl 
laminaripentaosides are summarized in Table IV. For 
AZT-bound sulfated laminaripentaose even without ter
minal alkyl group, the activity represented by EC50 = 
0.20 µgml- 1 was very high. However, the anti-HIV 
activity of AZT-free sulfated laminaripentaose, i.e., 
EC 50 =160µgml- 1 , was low. 21 The high anti-HIV ac
tivity may be due to introduction of 5'-Suc-AZT ester 
moiety which increased the hydrophobicity of sulfated 
laminaripentaose, but not due to the release of AZT since 
released AZT must show its high cytotoxicity. While 
the AZT-bound sulfated laminaripentaose exhibited a 
low cytotoxicity represented by CC50 value larger than 
1000 µg ml - 1 . AZT-bound sulfated alkyl laminari
pentaosides in which a long alkyl group was combined 
to the reducing terminal of the laminaripentaose ex
hibited very high anti-HIV activities of EC50 ranging 
from 0.04 to 0.23 µg ml - i. The introduction of 5'
Suc-AZT ester moiety enhanced also anti-HIV activi
ties of sulfated alkyl laminaripentaoside, i.e., EC50 = 
0.05 µgml- 1 for AZT-bound sulfated dodecyl lamina
ripentaoside (Table IV), and EC50 = 0.20 µg ml- 1 for 
AZT-free sulfated dodecyl laminaripentaoside. 21 How
ever, a slight cytotoxicity was observed for the com
pounds containing the alkyl group longer than dode-

Polym. J., Vol. 30, No. 3, 1998 

cyl group. The cytotox1c1ty increased with increasing 
length of alkyl group, but it was not affected by the 
degree of AZT substitution. 

As mentioned above, sulfated laminaripentaose and 
sulfated alkyl laminaripentaosides exhibited high anti
HIV activity by binding 5'-Suc-AZT ester to backbone 
of oligosaccharide. It has been revealed that introduction 
of a hydrophobic moiety into cyclodextrin sulfate led to 
an increase in anti-HIV activity. 13 Therefore, it may be 
suggested that a hydrophobic moiety introduced into 
sulfated oligosaccharide with a medium molecular weight 
plays an important role in enhancing an anti-HIV 
activity. In addition, we have synthesized AZT-bound 
curdlan sulfate in order to delivery AZT into lymphatic 
tissue where replication of HIV is active. The introduc
tion of 5'-Suc-AZT ester moiety did not enhanced 
the anti-HIV activity of curdlan sulfate.24 These find
ings hinted further that mechanism of the inhibitory effect 
of sulfated oligosaccharide on HIV infection may be 
different from that of sulfated polysaccharide. 

Since an anticoagulant activity possessed by most 
sulfated polysaccharides is regarded as a serious side 
effect for AIDS patients, effectiveness of many sulfated 
polysaccharides in vivo has not been clarified. There
fore, anticoagulant activities of AZT-bound sulfated 
alkyl laminaripentaosides were estimated. AZT-bound 
sulfated alkyl laminaripentaosides exhibited almost no 
anticoagulant activity, as also shown in Table IV. 

AZT-bound sulfated laminaripentaose and AZT
bound sulfated alkyl laminaripentaosides exhibited not 
only high anti-HIV activity but also very low to un
detectable anticoagulant activity. Therefore, they are 
promising candidates for further evaluation of therapy 
of HIV infection. Studies on the release of AZT from 
the carrier by an enzymatic hydrolysis and the anti
HIV activity of the released AZT are in progress. Rela
tionship between chemical structure of AZT-bound sul
fated oligosaccharide and AZT retention time in blood 
after administering the AZT-bound sulfated oligo
saccharide to animals will be also done. 
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