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Optically active structural isomers (1b—f and dst-1b—f) of
3��,4��-di-(O)-(��)-camphanoyl-(��)-khellactone (DCK) were syn-
thesized and their anti-human immunodeficiency virus (HIV)
activity was investigated. The value of the sensitivity index (SI)
of 1b was greater than that of DCK.
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3�,4�-Di-(O)-(�)-camphanoyl-(�)-khellactone (DCK) is
well known as an anti-human immunodeficiency virus (HIV)
compound with remarkably high activity. Lee and his co-
workers reported the structure–activity relationship (SAR) of
the analogue of DCK (1a); in particular, they discussed the
optimization of substituents on the angular benzo[2,1-b:4,3-
b�]dipyran skeleton.1—6) We believe that one of the most im-
portant studies on the SAR of DCK must involve the
arrangement of an angular benzodipyran skeleton. In this
paper, we describe the synthesis and anti-HIV activity of the
optically active structural isomers (1b—f and dst-1b—f) of
DCK (Fig. 1).

Our desired compounds (1b—d and dst-1b—d) can be ob-
tained from hydroxycoumarin by the method used to synthe-
size DCK. 6-, 5-, or 8-hydroxycoumarin (2b—d) and ben-
zodipyran derivatives (3b—d) were successfully prepared by
mainly using our reported method.7) The Sharpless asym-
metric dihydroxylation of 3b—d with dihydroquinine-2,5-
diphenyl-4,6-pyrimidinediyl diether ((DHQ)2PYR) afforded
the optically active diols (4b—d), which exhibited an R,R
configuration. On the other hand, dihydroxylation of 3b—d
with dihydroquinidine-2,5-diphenyl-4,6-pyrimidinediyl di-
ether ((DHQD)2PYR) yielded S,S diols (ent-4b—d). Cam-
phanoylation of 4b—d afforded the final products (1b8)—d).
Other isomers (1e, f and dst-1e, f ) were prepared in the simi-
lar manner (Chart 1). In the case of asymmetric dihydroxyla-
tion, even though the values of yield and enantiomeric excess
(ee) were never high, we could still obtain 4b—f and those
enantiomer (ent-4b—f ) (Table 1).

The absolute structure of 4b—f was determined by using

the modified Mosher’s method (Fig. 2).9) The reaction of
4b—f and ent-4b—f with (R)-a-methoxy-a-trifluoromethyl-
aphenylacetic acid ((R)-MTPA) afforded monoester (5b—f
and dst-5b—f), where the hydroxy group of the benzylic po-
sition was selectively esterified. The difference (Dd) between
the chemical shift (ppm) of each peak in the 1H-NMR of
5b—f and dst-5b—f is shown in Fig. 2.
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Fig. 1. Structure of DCK and Its Skeleton Isomers

Chart 1

Table 1. Dihydroxylation of 3b—f with (DHQ)2PYR or (DHQD)2PYR
Ligand via Chart 1

Starting Product 
material (3)

Ligand
(4)

Yield %a) ee %b)

3b (DHQ)2PYR 4b 23 57
3b (DHQD)2PYR ent-4b 43 75
3c (DHQ)2PYR 4c 58 57
3c (DHQD)2PYR ent-4c 66 68
3d (DHQ)2PYR 4d 24 67
3d (DHQD)2PYR ent-4d 54 68
3e (DHQ)2PYR 4e 28 53
3e (DHQD)2PYR ent-4e 61 58
3f (DHQ)2PYR 4f 72 90
3f (DHQD)2PYR ent-4f 41 76

a) After recrystallization. b) Determined by chiral HPLC analysis.



The activity of compound (1) against HIV-1 replication
was based on the inhibition of virus-induced cytopathogenic-
ity in MT-4 cells. Briefly, the cells (1�105 cells/ml) were in-
fected with HIV-1 at a multiplicity of infection (MOI) of 0.1
and were cultured in the presence of various concentrations

of the test compounds. After the cells were incubated for 4 d
at 37 °C, the number of viable cells was monitored by the 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) method. The cytotoxicity of the compounds was si-
multaneously evaluated with their antiviral activity, on the
basis of the viability of mock-infected cells. All experiments
were repeated twice.

Among 1b—f and those diastereomers (dst-1b—f ), we
could not find any derivative whose anti-HIV activity was
more potent than that of DCK. However, the selective index
(SI) of 1b, whose anti-HIV activity (EC50�0.23 mM) was al-
most the same as that of DCK, was greater than that of DCK
(Table 2). We expect the DCK analogues to also exhibit anti-
HIV activity.
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Fig. 2. Analysis Using New Mosher’s Method for the Absolute Structure
of 5

Table 2. Anti-HIV Activity of 1

Conpound (1) EC50 (mM)a) CC50 (mM)b) SI (CC50/EC50)
c)

1a (DCK) 0.17 �4.0 �23
1b 0.23 52 226

dst-1b �100 �100 —
1c 4.3 �100 �23

dst-1c �100 �100 —
1d �100 �100 —

dst-1d �100 �100 —
1e �100 �100 —

dst-1e �100 �100 —
1f �100 �100 —

dst-1f 1.79 30.3 16
AZTd ) 0.076 �20 �263

a) EC50: 50% effective concentration based on the inhibition of HIV-1-induced cell
death in virus-infected MT-4 cells. b) CC50: 50% cytotoxic concentration based on
the reduction of viability in mock-infected MT-4 cells. c) Selectivity index: ratio
CC50/EC50. d ) AZT (zidovudine) was used as positive control.


