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Noripepiidai Ligands for HIV Protease Inhibitors

Scheme 1. Enantioselective Synthesis of the Bicyclic
Ligands“

OH

Ewac\)\CDzEl

 
" Key: Ia} LDA, CH-CHCHeBr; (bl LAH. Eth: [cl acetone.

stOH; (d) Swern oxidation: is! CSA, MeOH; (l) ozonolysis then
NaBHi; (g) CSA, Cflzcig; (h) Q-BBN, THF, aqueous NaOH. H202.

hydroboration with 9-BBN followed by reaction of the
resulting alcohol with USA in methylene chloride.
Similarly, enantiomeric bicyclic ligands 10 and I] were
synthesized, starting from optically pure 3(S)-diethyl
malate (9) following the sequence of reactions described
above.

Alternatively, racemic synthesis of these ligands
followed by their enzymatic resolution provided an easy
access to these ligands in optically active form.12 As
shown in Scheme 2. reaction of commercial 2,3-dihy-
drofuran (12) with N—iodosuccinimide and propargyl
alcohol in methylene chloride at 0—23 “C for 3 h resulted
in the iodo ether 13 in excellent yields (91-95%).
Radical cyclization of the iodo ether 13 with tributyltin
hydride13 in refluxing toluene in the presence of a
catalytic amount of AIBN afforded the bicyclic acetal
14 in good yield (70-80%) after silica gel chromatog-
raphy. This radical cyclization was more conveniently
effected with sodium borohydride reduction in the
presence of a catalytic amount (10 mol %) of cobaloxime
(Scheme 2)” in 95% ethanol at 65 °C for 3 h affording
the bicyclic acetal 14 in comparable yield (70—75%).
Ozonolytic cleavage followed by the reduction of the
resulting ketone with sodium borohydride in ethanol at
- 15 CC furnished the racemic endo alcohol 15 (74—78%)

after chromatography.18 The optical resolution of the
racemic alcohol 15 was carried out efficiently by expo-
sure to Amano lipaseH-mediated acylation as well as
the hydrolysis of the corresponding acetate. Thus,
acylation of 15 with immobilized” lipase PS—30 (25%
by weight with respect to lipase P830) in the presence
of acetic anhydride in dimethoxyethane at 23 “C for 3 h
afforded the unacylated alcohol 7 (42% yield) and the
acylated alcohol 16 (45% yield) which were separated
by silica gel chromatography. The optical purity of the

Journal of Medicinal Chemisto», I996, Vol. 39, No. 17 3279

Scheme 2. Synthesis and Optical Resolution of the
Bicyclic Ligands"
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‘1 Key: la] N—iodosuccinimide, propargyl alcohol. CH2C12, 0—23
r’C: (bl cobaloxime (can, NaBHi. EtOH; lo] 03, Cflgciz—MEOH.
Megs. -'?8-23 “C; (d) NaBI—L, EtOH, —15 °C; (e) immobilized
lipase 30. ACQO, DME, 23 “C; (F: aqueous LiOH, THF_H20; lg}
immobilized lipase 30. pH 7 buffer. 23 °C.

alcohol 7 (95% cc. [(1123:] -11.9", MeOH) was determined
by formation of Mosher ester and 19F-NMR analysis.19
The acylated alcohol 16 was hydrolyzed by treatment
with aqueous lithium hydroxide to provide optically
active 11 (87% ee, [M230 +1137", MeOH}. Similarly,
racemic 17 was synthesized utilizing dihydropyran as
the starting material. The resolution of 17 was effected
by formation of the corresponding acetate 18 followed
by the enzymatic hydrolysis with immobilized lipase PS
30 in phosphate buffer (pH = 7.0) at 23 “C for 24 h.
The hydrolyzed alcohol 10 (yield 34%. 90% es) and the
acetate 19 (40%) were separated by silica gel chroma-
tography. Ester hydrolysis of 19 furnished the alcohol
3 in optically active form (94% as). The represented
absolute configurations of the resolved alcohols were
assigned based on comparison of their optical rotation
with the ligands synthesized utilizing 3(S)— and 3(Rl-
diethyl malates as described above.

Enantiomerically pure fused tetrahydrofuran 23
was synthesized from commercial cis-(—)—3.3a,6,6a-
tetrahydro-ZH—cyclopenta[b]furan-2-one (20} according
to Scheme 3. As shown, reduction of 20 with LAH in
tetrahydrofuran at 23 c‘C afforded the diol 21 (isolated
yield 96%). Treatment of the diol 21 with iodine and
potassium iodide in methylene chloride at 23 ”C fur-
nished the iodo ether 22.20 Radical dehalogenation of
the iodine with tributyltin hydride in refluxing dioxanc
in the presence of a catalytic amount of AIBN provided
the bicyclic ligand 23 with defined absolute configura-
tion.

Synthesis of symmetric bicyclic ligand 26 is outlined
in Scheme 4. Reaction of 2.3-dihydrofuran (12) with
mCPBA in l-butanol at —15—0 c'C for 2 h afforded the
alcohol 24 after distillation (65%). Oxidation of 24 with
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Scheme 3. Enantioselective Synthesis of the Bicyclic
Ligands"
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Scheme 4. Synthesis of the Symmetric Bicyclic Ligand“
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MeOl—l. —78—0 “C. then NaBH... EtOH, 0 °C:l'e'IstOH.CH2C12,
23 ”C; {fl COClg. pyridine, PhCHa. then N~hydroxysuccinimide,
CH3CN, EtaN‘ 23 “C.

pyridine-803 complex in methylene chloride gave the
corresponding ketone which was reacted with allyimag—
nesiurn bromide in diethyl ether at 0—23 “C for 4 h to
furnish the alcohol 25.21 Ozonolysis of the terminal
olefin followed by reduction of the ozonide with sodium
borohydride in ethanol at 0 “'0 provided the correspond-
ing alcohol which was treated with p-TsOH in methyl»
ene chloride to afford the symmetric ligand 26. Reaction
of 26 with phosgene and pyridine in toluene followed
by reaction with N—hydroxysuccinimide in acetonitrile
furnished the mixed active carbonate 27 after silica gel
chromatography.22

Racemic hicyclic ligands 34 and 35 were prepared
(Scheme 5) utilizing a similar synthetic route as de-
scribed for racemic 15. Reaction of cyclopentene with
N-bromosuccinimide and propargyl alcohol provided
good yield of the corresponding bromo ether 30 (yield
72%). However, the reaction with 2,5-dihydrofuran
proceeded with modest yield (35%} of the corresponding
bromo ether 31. Mbutyltin hydride-mediated radical
cyclization of 30 and 31 provided the bicyclic olefins 32
and 33 which were converted to racemic bicyclic ligands
34 and 35 for structure—activity studies.

Bicyclic ligand 39 with oxygens in a vicinal relation-
ship was synthesized in enantiomerically pure form
starting from commercially available 1.4:3,6-dianhydro-
IJ-sorbitol (36) (Scheme 6). Treatment of 36 with
commercial chlorothionoformate and triethylamine in
methylene chloride at 23 “C for 4 h afforded a mixture
(2:1) of thionocarbonates 3'7 and 38. The isomers were

separated on silica gel by column chromatography, and

Ghosh et at

Scheme 5. Synthesis of Racemic Bicyclic LigandsCl
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Scheme 6. Synthesis of the Bicyclic Ligand“
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the major isomer 37 was exposed to the radical deoxy-
genationgil conditions to provide the ligand 39.

Synthesis of various inhibitors with bicyclic ethers as
the P2 ligands and decallydroisoquinolinecarboxamide
as the P1’ ligand was carried out according to Scheme
7. The previously described“ hydroxyethylamine iso»
stere 42 was transformed into the various target inhibi-
tors listed in Tables 1 and 2 by an alkoxycarbonylation
ofthe respective alcoholde‘1 For example, reaction of bis-
Thf ligand 7 with dipyridyl carbonate (40) and triethyl-
amine in methylene chloride afforded the active car-
bonate 41 after chromatography. Reaction of the mixed
carbonate 41 with amine 42 in methylene chloride

J
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