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Abstract: Acetamide-acetal Clai~n rearrangement of the C2-symmetric enediol easily derived 
from D-mannitol provided a chiral C8-building block, which was demonstrated to be versatile 
for divergent synthesis of both enantiomeric forms of substituted paraconic acids. 
© 1999 Elsevier Science Ltd. All rights reserved. 

Among the methods for producing chiral compounds, much efforts have been devoted to the method 
1 

utilizing easily available chiral pools due to the reliability on the stereogenic centers. D-Mannitol (1) has been 
widely used as an inexpensive hexitol chiral pool with four asymmetric carbons 2a and mainly served as a 
convenient supplier for chirai glyceraldehyde 2b and unnatural tartrate building blocks 2c through glycol 
cleavage at the central and both terminal positions of protected D-mannitol (1), respectively. We have intended 
to make new versatile chiral building blocks by facile derivation of o-mannitol (1). In this paper, we report a 
facile preparation of a branched chiral C8-building block (5) from o-mannitol (1) and its use for formal total 
syntheses of optically active substituted paraconic acids, (+)-protolichesterinic acid (I), 3a (+)-roccellaric acid 

3c (11), 3b and (-)-methylenolactocin (111). The synthesis described features acetamide-acetal Claisen 
4 rearrangement of the C2-symmetric enediol (4), easily derived from D-mannitol (1), leading to a chiral C8- 

building block (5) and divergent transformation of the amide (5) to both enantiomeric forms ((+)- and (-)-15) 
of the key intermediates for synthesis of optically active substitutexl paraconic acids (I, II, III) via (a) 
lactonization and (b) iodolactonization. 
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(2S,5S)-l,2:5,6-Di-O-isopropylidene-3E-hexene (2) prepared in 41% overall yield from D-mannitol 
• 5 (1) according to the hteratures were converted into the 1,6-O-di-tert-butyldimethylsilyl (TBS) ether (4) via 

3E-hexene-l,2,5,6-tetraol (3) in 70% yield through 2 steps. Although orthoester-Claisen rearrangement using 
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5 preferred transition state 

CH3CH(OMe)3 with catalytic amount of propionic acid under reflux proceeded unsatisfactorily to provide the 
desired C8-ester in a low yield, application of acetamide-acetal modification of the rearrangement to the C 2- 
symmetric enediol (4 )worked  satisfactorily. Thus, refluxing the enediol (4) with 1.5 equiv of 
CH3C(NMe2)(OMe) 2 in benzene for 2.5h in the presence of molecular sieves 4A gave an excellent yield (98%) 
of the desired C8-amide (5) as an oil, structure of which was proposed from the preferred transition state 
model depicted and characterized by IR ( v c=o 1636cm1) and 1H-NMR (2.86; 2.95ppm, 2 × 3 H  (s): NMe2; 
5.52; 5.58ppm, 2×  1H (d, J=15. IHz): trans-CH=CH-). The amide (5) was heated in xylene to provide a 
lactone (6) in 80% yield. X-Ray crystallography 6 on the lactone-diol (6 ')  obtained by desilylation of the 
lactone (6) established the structure not only of the lactone (6) but also of the precursor amide (5). In turn, 
treatment of a O-TMS protected amide-alcohol with iodine in aqueous THF at -10 °C afforded an iodo-lactone 
(7) in 74% yield from the amide-alcohol (5). The ":-lactone structure was characterized by IR (v  c=o 

1790cm 1) and the stereochemistry of the iodo-lactone (7) was verified finally by its conversion into the (-)- 

lactone acid ((-)-15a) (vide infra). Thus, we had both enantiomeric forms of [3, 7"-disubstituted 7"-lactone 
derivatives (6) and (7) in hand. 
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Next, our focus was concentrated on the synthesis of optically active substituted parconic acids (I, II, 
III). Cleavage of the terminal C2-fragment of the lactone (6) either by Lemieux oxidation in aqueous t-BuOH 
or by ozonolysis followed by reductive workup gave an aldehyde (8) in good yields. Acetalization followed 
by desilylation of the aldehyde (8) led to 55% yield of a lactone carbinol (9), which was converted into the 
corresponding tosylate (10). Although a direct alkylation of 10 with n-Bu2CuLi failed, treatment of an epoxy- 

7 
ester (12), derived quantitatively from the tosylate (10), with the cuprate in Et20 at -60 °C gave an 
nonanolide ((+)-11) in 65% yield. As a trial for another alkylation of the epoxy-ester (12) with a mixed 
cuprate prepared from n-C~2H25MgBr and CuBr-Me2S failed, a crude triflate (13) of the iactone carbinol was 
treated with the mixed cuprate in THF at 0 °C gave, albeit in a low yield (25%), a heptadecanolide ((+)-14). 
These y-alkylated lactones (11, 14) were transformed respectively in 77 and 76% yield through 
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deacetalization and Jones oxidation to the corresponding carboxylic acids ((+)-15a) ([~]D +54° (CHCI3) and 

((+)-15b) ([OqD +39 ° (CHCI3). These (+)-acids were structurally verified by spectral comparison with the 

respective authentic data for the corresponding (-)-acids ((-)-15a) ([a]D -54° (CHCI3)) 8a and ((-)-15b) ([~]o - 
41 ° (CHCI3)), 8b and are recognized as the key intermediates for synthesis of (+)-paraconic acids, (+)- 

protolichesterinic acid (I), (+)-roccellaric acid (11), and (+)-methylenolactocin (ent-III), by Greene's c~- 

methylenation 8 and Sibi's highly stereoselective ~-methylation. 9 
Derivation of the iodo-lactone (7) to the key synthetic intermediate for (-)-methylenolactocin (111) 

followed. Desilylative deprotection providing a triol (16) followed by glycol cleavage with NalO 4, ethylene 
acetalization of the aldehyde, and deiodination of the iodohydrin (17) with n-Bu3SnH led to an lactone alcohol 
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(18) in 36% overall yield. The corresponding tosylate (19) was submitted to alkylation with (n-C3HT)2CuLi in 
Et20-toluene at -60 °C to afford 62% yield of another enantiomeric nonanolide ((-)-11), which was converted 
into the (-)-acid ((-)-15a) ([~]D-59 ° (CHCI3)). The synthesis of the (-)-acid ((-)-15a) means a formal total 
synthesis of natural (-)-methylenolactocin (I 11).8 

In conclusion, a new chiral C8-building block (5) derived from D-mannitol (1) was demonstrated to be 
potential for preparing both enantiomeric forms of 13, i" -disubstituted ~" -lactones. Further application of the 
chiral C8-buiiding block (5) to the synthesis of optically and biologically active compounds is in progress in 
our laboratory. 

References and Notes 
1. Coppola, G.M.; Schuster, H.F. Asymmeoit' Synthesis, Construc&m of Chiral Molecules Using Amino 

Acids, John Wiley & Sons, 1987; Scott, J.W. Asymmetric Synthesis, Morrison, J.D.; Scott, J.W. ed., 
Academic Press, 1984, vol.4, pp 1-226; Inch, T.D. Tetrahedron 1984, 40, 3161-3213; Hanessian, S. 
Total Synthesis of Natural Products: The Chiron Approach, Pergamon Press, 19 8 3. 

2. a. Colegate, S.M.; Aust. J. Chem. 1979, 32, 2257-2264; Mubarak, A.M.; Brown, D.C.J .  Chem. 
Soc., Perkin 1 1982, 809-813; Machinaga, N.; Kibayashi, C. J. Org. Chem. 1991, 56, 1386-1393; 
Marzi, M.; Minetti, P.; Misiti, D. Tetrahedron 1992, 46, 10127-10132; Fitremann, J.; Dureault, A.; 
Depezay, J-C. Tetrahedron 1995, 51, 9581-9594. 
b. Jurczak, J.; Pikul, S.; Bauer, T. Tetrahedron 1986, 42, 447-448, and the references cited therein; 
Takano, S.; Kurotani, A.; Ogasawara, K. Synthesis 1987, 1075-1078; Peters, U.; Bankova, W.; Welzel, 
P. Tetrahedron 1987, 43, 3803-3816; Krief, A.; Dumont, W.; Lecomte, P. Tetrahedron 1989, 45, 
3039-3052. 
c. Kotsuki, H.; Nishikawa, H.; Moil, Y.; Ochi, M. J. Org. Chem. 1992, 57, 5036-5040. 

3. a For review: Elix, J.A.; Whitton, A.A. Progress in the Chemistry of Organic Natural Products, 
Springer-Verlag, 1984, vol. 45, pp 103-234. For the isolation and the structural determination: Chester, 
D.O.; Elix, J.A. Aust. J. Chem. 1979, 32, 2565-2569, and references cited therein. For the latest chiral 
synthesis: Martin, T.; Rodriguez, C.M.; Martin, V.S.J.  Org. Chem. 1996, 61, 6450-6453. 
b. For the isolation: Huneck, S.; Follmann, G.Z. Naturforseh. B 1967, 22, 666-670, and references 
cited therein. For the latest chiral synthesis: the literature cited in the same item of ref. 3a. 
c. For the isolation: Park, B.K.; Nagasawa, M.; Hirota, A. ; Nakayama, M. J. A ntibiot. 1988, 41, 751- 
758. For the latest chiral synthesis: Vaupel, A.; Knochel, P. J. Org. Chem., 1996, 61, 5743-5753. 

4. Felix, D.; Gschwend-Steen, K.; Wick, A.E.; Eschenmoser, A. Heir. Chim. Acta 1969, 52, 1030-1002; 
Corey, E.J.; Shibasaki, M.; Knolle, J. TetrahedronLett. 1977, 1625-1626. 

5. Morpain, C.; Nasser, B.; Laude, B.; Latruffe, N. Org. Prep. Proced. Intern. 1990, 22, 540-543; 
Eastwood, F.W.; Harilngton, K.J.; Josan, J.S.; Pura, J.L. Tetrahedron Lett. 1970, 11, 5223-5224. 

6. X-Ray crystallography of 6'  was performed with RAXIS-IV system by Dr. Motoo Shiro, Rigaku Co. 
Ltd., to whom the authors are gratefull. Crystal data for 6': space group P2~ with a=10.78(2)A; 

b=7.943(3) A; c=l 1.786(6) A, ~=114.12(7): , Z=4, R=0.043; Rw=0.060. 
7. Ebata and co-workers adopted rather alkylative lactonization of the derived epoxy-ester with cuprate 

reagents (R2CuLi) than direct alkylation of ~-methyl- 1" -tosyloxymethyl- i" -lactone to obtain trans-whisky 
lactone and the congeners: Ebata, T.; Matsumoto, K.; Yoshikoshi, H.; Koseki, K.; Kawakami, H.; Okano, 
K.; Matsushita, H. Heterocycles 19 9 3, 36, 1017-1026. 

8. a. de Azevedo, M.B.M; Murta, M.M.; Greene, A.E.J. Org. Chem. 1992, 57, 4567-4569. 
b. Murta, M.M.; de Azevedo, M.B.M.; Greene, A.E.J. Org. Chem. 1993, 58, 7537-7541. 

9. Sibi, M.P.; Deshpande, P.K.; LaLoggia, A.J. Synlett 1996, 343-345. 


