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Conformationally Constrained Analogues of Diacylglycerol
Having a Perhydrofuro[3,4-clfuran-1,4-dione Bis-y-butyrolactone
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Bis-y-lactones (1, 2) having a perhydrofuro(3,4-clfuran-1,4-dione skeleton were designed as
conformationally constrained diacylglycerol analogues. They were synthesized from D-apiose
in 11 steps, and evaluated as PKC-. ligands by measuring their ability to displace bound [*H]-
PDBU from the enzyme. The compounds showed moderate binding affinities with K; values of
13.89 (+5.67) uM and 11.47 (£0.89) UM, respectively. Their similar binding affinities in-
dicate that these two bicyclic compounds were not effectively discriminated by PKC-a in
terms of the direction of the side chain as other ligands built on similar bis-y-lactones.
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INTRODUCTION

Protein kinase C (PKC) is a family of phospholipid-
dependent, serine/threonine-specific kinases which is
believed to play a pivotal role in cell signal transduc-
tion pathways (Lester et al., 1992). Activation of PKC
by diacylglycerol (DAG), which is released by phos-
pholipase C-mediated hydrolysis of membrane-resi-
dent phosphatidylinositol 4,5-diphosphate, is a critical
step in the signal transduction pathways controlling
processes such as cellular proliferation and differentia-
tion (Stabel et a/, 1991). The fact that this enzyme
has been implicated in the progression of a wide var-
iety of diseases accentuates the importance of PKC li-
gands as attractive therapeutic targets, especially as an-
ticancer agents (Blobe et al,, 1994 and Gescher et al.,
1989).

Recent studies in our laboratories have focused on
the construction of conformationally constrained di-
acylglycerol analogues in which glycerol backbone
of DAG is embedded within a lactone template (Lee
et al, 1996a). Until now, we have reported four dis-
tinct bis y-lactone templates (Template I-IV) as restrict-
ed DAG surrogates in which the glycerol backbone is
extended into the two fused y-lactone rings (scheme
1). Compounds constructed with these templates have
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shown moderate PKC binding affinity that is sensitive
to the stereochemistry of the alkyl chain, R (Lee et al.,
1992, 1993a, 1993b, 1994, 1996b).

To expand our investigation into additional bis v
lactones as constrained templates for the construction
of potent PKC ligands, we explored a perhydrofuro(3,
4-clfuran-1,4-dione ring system (Template V) where
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the two ester carbonyl pharmacophores are in an an-
tiparalle} orientation as in Templates Il and Ill. In ord-
er to maintain a proper fit to DAG, the typical hydr-
oxymethyl pharmacophore present in Templates |-IV
was increased to the next higher hydroxyethyl homo-
logue. In this paper, we report the synthesis of com-
pound 1 and 2, as well as their binding affinity to-
wards PKC-a, the most of abundant isozyme of PKC.

MATERIALS AND METHODS

General experimental

All chemical were commercially available. Melting
points were determined on a Mel-Temp Il apparatus,
Laboratory Devices, USA, and are uncorrected. Silica
gel column chromatography was performed on silica
gel 60, 230~400 mesh (E. Merck). 'H and "C NMR
spectra were recorded on a Bruker AC-250 instrument
at 250 and 62.9 MHz, respectively. Spectra were re-
ferenced to the solvent in which they were run (7.24
ppm for CDCL,). Infrared spectra were recorded on a
Perkin-Elmer 1600 Series FTIR. Elemental analyses were
performed by Atlantic Microlab, Inc., Atlanta, GA.

Analysis of inhibition of ['HJPDBU binding by nonra-
dioactive ligands

Enzyme-ligand interactions were analyzed by com-
petition with ['lH]PDBU binding essentially as describ-
ed in our previous work, except that the PKC prepara-
tion used here was the single isozyme PKC-a (Teng
et al, 1992). This recombinant PKC-ot was expressed
in the baculovirus system and was isolated as des-
cribed (Kazanietz et al, 1993). The 1D;, values were
determined from the competition curves, and the cor-
responding K; values for the ligands were calculated
from the 1Ds, values as described before. Values repres-
ent the mean +standard error (three determinations).
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(3R 3aS,6a9)-3-Tridecanyl-6a-[2-(benzyloxy)ethyl]perhy-
drofuro[3,4-c]furan-1,4-dione (8) and (3S,3a5,6a9)-3-
Tridecanyl-6a-[2-(benzyloxy)ethyl]-perhydrofuro[3,4-
clfuran-1,4-dione (9)

A stirred solution of 4 (1.65 g, 6.69 mmol) in THF
(35 ml) was cooled to -78°C and treated slowly with
sodium bis(trimethylsilyDamide (1 M, 8.02 ml, 8.02
mmol). After 30 min, tetradecanyl aldehyde (80%, 2.66
g, 10.03 mmol) dissolved in THF (10 ml) was added
and stirring was continued for 1 h at -40°C. The reac-
tion mixture was quenched with saturated NH,Cl solu-
tion, and diluted with diethyl ether and water. The or-
ganic phase was separated, dried over MgSO,, and
concentrated under reduced pressure. The residue was
purified by flash column chromatography over silica
gel with EtOAc :hexane (1:5 to 1:2) as eluant to give
compound 5 (2.0 g, 65%), as a colorless oil, plus some
recovered starting material (4, 0.33 g, 20%).

Compound 5 (2.0 g, 4.36 mmol) was dissolved in
THF :H,0 (1:1, 20 ml) and treated with 4-methylmor-
pholine N-oxide (1.02 g, 8.72 mmol), sodium perio-
date (1.86 g, 8.72 mmol), and osmium tetroxide (2.5
wt% in 2-methyl-2-propanol, 2 ml). After stirring for
16 h at room temperature, the reaction mixture was
diluted with EtOAc. The organic layer was washed
with sodium thiosulfate solution and H,O, dried over
MgSQ,, and concentrated under reduced pressure. The-
residue was purified by flash column chromatography
over silica gel with EtOAc:hexane (1:5 to 1:3) as elu-
ant to give 6 (1.0 g, 50%, R=0.4 and 0.38, EtOAc:
hexane=1:2) and 7 (0.96 g, .48%, R=0.5 and 0.32, E-
tOAC :hexane=1:2) as a colorless oils.

Compound 6 (1.0 g, 2.17 mmol) was dissolved in
CH,CI, (40 ml) and treated with pyridinium dichro-
mate (2.45 g, 6.51 mmol), 4 A molecular sieve (3.0 g),
and acetic acid (0.25 ml, 4.34 mmol). After stirring
for 1 h at room temperature, the reaction mixture was
quenched with ether and celite, and stirred for 30 min.
The suspension was filtered through a short pad of sil-
ica gel with FtOAc and the filtrate was concentrated
under reduced pressure. The residue was purified by
flash column chromatography over silica gel with E-
tOAc :hexane (1:3) as eluant to give 8 (0.378 g, 38%,
R=0.5, EtOAc :hexane=1:2) and 9 (0.577 g, 58%, R=
0.4, EtOAc :hexane=1:2) as a white solids.

Compound 8: '"H NMR (CDCl,) 8 7.20~7.40 (m, 5 H,
phenyl), 4.60 (m, 1 H, H;), 453 (d, 1 H, &10 Hz, H,,
4.46 (dd, 2 H, PhCH,0), 433 (d, 1 H, =10 Hz, H,,
3.64 (m, 2 H, CH,OBn), 3.24 (d, 1 H, /3.1 Hz, H,,),
2.02~2.24 (m, 2 H, CH,CH,OBN), 1.20~1.80 (m, 24
H, (CH,),,CH,), 0.86 (distorted t, 3 H, (CH,),,CH3).

Compound 9: '"H NMR (CDCl,) & 7.20~7.40 (m, 5 H,
phenyl), 4.60 (m, 1 H, H;), 4.57 (d, 1 H, F9.75 Hz,
He, 4.46 (s, 2 H, PhCH,0), 4.12 (d, 1 H, £9.75 Hz,
He, 3.60 (m, 2 H, CH,OBn), 3.36 (d, 1 H, /7.4 Hz,
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H,,), 1.80~2.24 (m, 2 H, CH,CH,OBn), 1.15~1.70 (m,
24 H, (CH,),,CH,), 0.86 (distorted t, 3 H, (CH,),,CH,).

(3R,3a5,6a8)-3-Tridecanyl-6a-(2-hydroxyethyl)
perhydrofuro[3,4-clfuran-1,4-dione (1)

A solution of 8 (0.3 g, 0.66 mmol) in MeOH (20 ml)
was treated with 10% Pd-C (0.15 g) and hydrogenat-
ed under a hydrogen-filled balloon for 4 h. The reac-
tion mixture was filtered and the filtrate was concent-
rated under reduced pressure. The residue was purifi-
ed by flash column chromatography over silica gel
with EtOAc :hexane (1:1) as eluant to give 1 (0.236 g,
98%) as a white solid: mp=72°C; [a]p=-31.5 (c 1.08,
CHCL,); "H NMR (CDCl,) & 4.66 (m, 1 H, H,), 4.61 (d,
1 H, =10 Hz, H, 436 (d, 1 H, =10 Hz, H,, 3.88
(m, 2 H, CH,OH), 3.22 (d, 1 H, /3.0 Hz, H,)), 2.00~
2.24 (m, 2 H, CH,CH,0OH), 1.20~1.90 (m, 24 H, (CH,),,-
CH,), 0.86 (distorted t, 3 H, (CH,),,CH,); C NMR
(CDCIy) & 177.89 (s), 175.94 (s), 81.45 (d), 74.09 (1),
58.27 (1), 52.10 (s), 50.49 (d), 36.40 (), 36.03 (), 31.91,
29.67 (1), 29.64 (), 29.59 (1), 29.49 (1), 29.39 (1), 29.35
(), 29.03 (1, 25.23 (1), 22.68 (1), 14.11 (q); IR (KBr)
3568, 1785, 1654 cm™. Anal. Calcd for C,,H,.Os: C,
68.44; H, 9.85. Found: C, 68.21; H, 9.89. FAB MS m/
e 369 (MH™).

(35,3a5,6a9)-3-Tridecanyl-6a-(2-hydroxyethyl)perhy-
drofuro[3,4-clfuran-1,4-dione (2)

Following the same procedure described for com-
pound 1, compound 2 was prepared from 9 and ob-
tained as a white solid in 98% yield; mp=59°C; [0]y=-
102 (c 2.3, CHCL); 'H NMR (CDCl,) 8 4.78 (m, 1 H,
H,), 4.61 (d, 1 H, /=9.75 Hz, He, 4.17 (d, 1 H, ~9.75
Hz, Hy, 3.84 (m, 2 H, CH,OH), 3.40 (d, 1 H, ~7.63
Hz, H,,), 1.90~2.24 (m, 2 H, CH,CH,OH), 1.20~1.80
(m, 24 H, (CH,),,CH,), 0.86 (distorted t, 3 H, (CH,),-
CH,); "C NMR (CDCl,) 8§ 178.19 (s), 173.21 (s), 79.98
(d), 73.81 (1), 58.75 (), 52.10 (s), 48.28 (d), 35.31 (1),
31.91 (), 31.44 (1), 29.66 (1), 29.64 (t), 29.53 (t), 29.43
(), 29.35 (), 29.27 (1), 26.33 (1), 22.68 (1), 14.11 (q);
IR (KBr) 3752, 1785, 1654 cm’. Anal. Calcd for Cyi-
HyOs: C, 68.44; H, 9.85. Found: C, 68.27; H, 9.83.
FAB MS m/e 369 (MH").

RESULTS AND DISCUSSION

The synthesis of target compounds 1 and 2 is shown
in scheme 2. Compound 4 was prepared from 1,2:3,5-
di-Grisopropylidene-a-D-threo-apiofuranose 3 in 7 steps
as previously reported (Lee et al., 1996c¢). Reaction of
the lithium enolate of 4 with myristyl aldehyde afford-
ed a diastereomeric mixture of alcohol 5, which on
subsequent treatment with OsOQ,, 4-NMO and NalO,
gave a mixture of 6 and 7 in a 1:1 ratio. The correct
assignment of 6 or 7 was based on the presence of a
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resonance peak that corresponded to the aldehyde
proton in the '"H NMR spectrum of the opened pro-
duct 7. Oxidation of 6 by pyridinium dichromate aff-
orded the corresponding lactones, 8 and 9, whose ste-
reochemistry was discerned on the basis of the value
of the coupling constant between the H,, and H; pro-
tons (8: trans, /3.1 Hz, 9: cis, &7.4 Hz). Finally, each
compound (8 and 9) was debenzylated to give the
respective final products 1 and 2.

The binding affinities of 1 and 2 to PKC were meas-
ured in terms of their ability to displace bound [’H]-
phorbol-12,13-dibutyrate (PDBU) from the recombin-
ant single isozyme of PKC, PKC-a. Both compound
showed similar and moderate affinities with K; values
of 13.89 (=£5.67) uM (1) and 11.47 (+0.89) uM (2).
The binding of DAG and other bis-y-lactones to the
regulatory domain of the PKC is very sensitive to the
direction of alkyl side chain. The present results, how-
ever, indicate that this distinction does not occur in
the case of compounds constructed with this new tem-
plate.
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