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PERHYDRO FURO[3,24FURAN B&y-BUTYROLACTONE SKELETON. 3. 
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Abstract: The stereoselective synthesis of two new bis-y-butyrolactones starting from 1,2:5,6-di-G- 
isopropylidene-a-D-allofuranose was completed in 22 steps. One of the isomers (3~) showed very good 
binding affinity towatds protein kinase C. 

In the preceding communicationl we examined the protein kinase C (P&C) binding affmity of two 

isomeric bis-r-butyrolactones @a,b) that were synthesized as rigid diacylglycerol (DAG) analogues. 

These compounds were conceived to restrict the fteedom of rotation about the G-acyl bond by incorpomting 

the acyl moiety as part of a second lactone ring (Scheme la). In performing this connection, the Rt and R2 

groups were integrated into a single long alkyl R substituent. Despite the good PK-C binding affinity 

displayed by the progenitor monolactones 1.23 in which either Rt or R2 represent long alkyl chains, neither 

resulting bicyclic structure, 2n or 2b. showed good binding affinity towards PK-C.t In this communication, 

we wish to report the synthesis and PK-C binding affinity of a new set of bis-y -butyrolactones Qa,b) that 

can be envisioned as resulting ftom a different mode of restricting the fteedom of totation of the acyl chain 

(Scheme lb). 

scheme 1 

(a) 

(b) 

Retrosynthetic analysis of these targets suggested the use of either 1,2:5,6-d&G-isopropylidene-a - 

D-glucofuranose, or the isomeric 1,2:5,6di-G-isopropylidene-a -D-allofuranose (4) as chital building blocks. 
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For reasons to be discussed later, the allofuranose precursor was pmfened. Building of the second lactone 

ring was envisaged to proceed after appropriate transformations at both C-3 and C-4 positions of the sugar 

(steps e and d). Later, for the construction of the alkyl chain R, two options were considered: 1) alkylation 

of the preformed bicyclic structure (step a) or2) intmduction of the alkyl group at an early stage of the 

synthesis (step e, R = C,,H2,,+r), followed by lactonixation (steps d and b, R = C,,Hh+t). Ahhough the 

first approach seemed very attractive, alkylation of the his-‘y-butyrolactone system (IDA, THF, C&s,,+tI, 

-78 “C) failed due to facile p-elimination of the j%alkoxylactone. The second alternative, although 

somewhat cumbersome, worked well (Scheme 2). The selection of this route, which required an early 

alkylation step, convinced us to choose the allofuranose precursor 4 which offered no steric encumbrance on 

the p-face. 
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The starting 1,2:5,6-di-O-isopropylidene-a -D-allofuranose (4) was prepared from the corresponding 

a-D-glucofuranose derivative according to published methodology.4 The next three steps: benxylation of 

the 3-hydroxyl group, opening of the 5,6-0-isopropylidene ring, and selective tritylation of the resulting 

primary 6-hydroxyl group were performed in a combiied yield of 65%. Oxidation of the free secondary 

alcohol in 5 with pyridinium chlorochromate (PCC), followed by Grignard addition of C!taH2sMgBr, 

produced the expected mixture of diastereoisomers (6&b). Throughout the ensuing steps isomers were not 

separated until the end of the synthesis. Radical deoxygenation of the newly generated tertiary alcohol 

proceeded uneventfully via the xanthate intermedhne to give 7a,b. Removal of the 0-benxyl group with Na 

in liquid ammonia cleaved also the trityl group to give an intermediate which was then selectively protected 

as a r-butyldimethylsilyl ether derivative (&b). Oxidation of 8P.b with pyridinium dichmmate (PDC) was 

followed by a Wittig reaction to form the methylene compound 9a,b which was regiospecifically cis- 

hydroxylated with’ 0~04 from the less hindered p-face. The resulting diol intermediate was then selectively 

monobenxylated via the 3,5-0-(dibutylstannylene) derivative to give the advanced inmrmediate lOa,b. At 

this noint. lactonixation was achieved. in one steu. via oxidation of the unmasked orimarv alcohol. Most 
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Reagents and Conditions: a. BnBr, NaH, BudNI, THP, rt 2h. b. 0.06 N HCvMeOH, 55 T 2h. c. TrCl, 
pyridindDMP, rt 12 h (65% steps a-c). d. FCC, 4A mol. sieves, rt 1.5 h (98%). e. Ct2H&&Br, ether, -10 
“C -> rt (85%). f. NaH. CS2, MeI. DMF, 80 OC (75%): g. Bu~SnH/azobis(isobutyronitrile), ,mluene, A lh 
(82%). h. Na, liq.NH$II-F (90%). i. MesCPh$iCl, NEt?, DMAP. CH2Cl2, rt 12 h (95%). j. PDC, AcOH 
4A mol. sieves, CH2C12, rt lh (98%). k. Me(PPhs)Bf, B&i, THF, -10 OC -> rt (84%). I. OsOc 4- 
Methylmorpholine N-oxide, aq. acetone, ri 12 h (92%). m. i. (Bu&t)20, toluene, A 4 h. ii. BnBr, BlyNBr, 
80 ‘C 24 h (98%). a. BudW, THF, rt 0.5 h (98%). o. PCC, 4A mol sieves, CH2Cl2, rt lh (%%). p. 
H+-Resin, MeOH, A 12 h (95%). q. NW CS2, MeI, THP. rt (93%). r. Bu&H/azobis(isobutyronitrile), 
tolucne. A 1 h (66%). 8. HCl, AcOH-H2o_THF, 90 “C 4 h (%%). t. PCC, CHg!l2, rt 1 h (98%). u. Hz, Pd/C, 
MeOH, rt 2 h (94%). 
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likely, the transiently formed cyclic hemiacetal was immediately oxidixed in situ to the lactone l&b. To 

complete the synthesis, removal of the acetonide group, followed by a second radical deoxygenation gave 

12a,b. Hydrolysis of this methyl glycoside and oxidation to the corresponding lactol gave a mixture of the 

desired bis-T-butyrolactone 13a,b. Finally, removal of the 0-benayl protection and chromatographic 

separation of the isomers (silica gel, hexane:ethyl acetate, 1:l) gave the two targets 3a and 3b.5.6 The 

obtained ratio of 3bl3a = 3 reflects the hind of selectivity obtained during the Grignard alkylation step 

performed earlier in the synthesis. As before, characterization of each isomer was possible by examining 

the value of the J3.3. coupling constant.5.6 

Evaluation of these compounds for their ability to inhibit [2&l-H-ijphorbol- 12,13dibutyrate binding to 

PK-C indicated that isomer 3a was an excellent competitive inhibitor with a Ki of 6.1 pM, while the 

corresponding isomer 3b had an ID50 of greater than 100 pM. Compound 3a is the most potent inhibitor of 

all of the bis-7 butyrolactones examined to date in our laboratory. 
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