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Summary: Advanced intermediates 22 and 23, representing the CI-C~I subunit of the ionophore zincophorin, 
have been prepared by a scheme incorporating sequential glycolate Claisen and 1231 Wim.g rearrangements To 
establish rhe key structural and stereochemical elements of the tide compound. 

Zincophorin, 1. an antibiotic isolated from fermentations of Streptomyces griseus, exhibits remarkable 
ionophoric properties. including the ability to selectively sequester divalent cations.1 Danishefsky and co-workers 
have recently described an elegant total synthesis of zincophorin, based on the stereocontrolled Julia coupling of 
advanced intermediates corresponding to the Cl-C16 and C17-C25 fragments of 1.2 Our interest in the application 
of diastereosklective sigmatropic reactions to the synthesis of polyketide-derived natural productsf led us to 
consider an alternative approach to xincophorin, in which the coupling of intermediates 2 and 3, comsponding to 
the Cl-C11 and C12-C25 subunits respectively, would establish the key structural and stereochemical elements of 
the parent ionophore. Recently we reported the asymmetric preparation of 3p wherein the carbon skeleton of the 
target ketone was developed by an iterative sigmatropic sequence consisting of a diastereoselective [2,3] Wittig 
rearrangement of a tertiary allylic ethers and a subsequent orthoester Claisen rearrangement. Our analysis of the 
Cl-Cl 1 subunit of zincophorin suggested that a conceptually similar scheme, involving sequential enolate Qaisen 
and [2,3] Wittig rean-angements, could be employed for the construction of intem&iate 2. We now record the 
successful realization of this strategy, culminating in the synthesis of a Cl-Cl1 precursor to zincophorin. 

Clalsen 

Addition of pmpynyl lithium to the readily available (2R,3R)-56 afforded a 3: 1 mixture of diastereomeric 
alcohols, which was subjected to Mn@ oxidation, chelation-controlled reduction and LiAm reduction of the 
alkynyl group to give the E allylic alcohol 6 ([aID= -2.70. c=O.75, CHC13) as a single diastereomer.7 Acylation 
of 6 afforded the p-methoxybenzyi-protected glycolate 7. which underwent enolate Claisen rearrangement30 to 
yield, as the only isolated product, ester 8 ([aID= +21.80, c= 0.74, CHC13). Construction of the 
tetrahydropyranyl nucleus was achieved using a scheme previously employed by Nicolaou for the synthesis of 
indanomycin.8 Ester 8 was transformed to epoxide 9 ([aID= -51.40, c= 0.33, CDC13), whereupon 

hydrogenation of the C&C5 olefin and acid-catalyzed cyclization gave tetrahydropyranyl alcohol 10 ([aID= 
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+28.00, c= 4.62, CDC13). In anticipation of a fina sigmatropic rearrangement to complete the carbon framework 
of our Cl-Cl1 target, tertiary alcohol 11 was prepared from 10 by a four-step sequence consisting of 1) 
perruthenate oxidation of 10 to the aldehyde, 2) addition of propynyl Grignard reagent, 3) reoxidation of the 
msuldng propargyl alcohol and 4) chelation-controlled addition of methyl Grignard reagent. 

Scheme 1 

8 

BnO OH 

9 10 11 

(a) MeCC-Li, THF; (II) MI@, CH@,; (c) ZnCl~. NM-I,. Bt& (4 I-MH,,. m. o->=“c; 
(c)~-M~O~~~~O~H~~H.DCC; (0 i)LDA,(Me)+!l,TBE -78~>0T,ii)aqNHJl. iii)CB$s.Et& 
(g) TSU, pyridint; (h) aq HC!l, THE (i) Ce(NB&oz(Os)6. MeCN (i) NaOMe. MeoH; 0 Pdlc. I$. EtOAc; 
(1) CSA, CHIC&; (m) TPAP, NMO. cH2c12; (n) MeCC-MgBr, THP; (0) MeMgBr. TI-IF. -78% 

Final elements of the Cl-CtI carbon framework were introduced by means of the [2.3] Wittig 
rearrangement of tertiary allylic ether 14 (Scheme 2). The requisite E olefin of 14 was established by LiAlI-Lt 
reduction of propargyl alcohol 11, whereupon alkylation of E-12 with chloromethyloxazoline 13 afforded the 
desired [2,3] Wittig substrate. Earlier reports have demonstrated that the [2,3] Wittig rearrangement of a-alkoxy, 
tertiary allylic ethers is generally accompanied by excellent simple and induced diastereoselection;k5 however, the 
stereochemical consequences for heterocyclic substrates remain unexplored. We were gratified to observe that 
treatment of 14 with base resulted in smooth [2,3] rearrangement, yielding a single product, oxazoline 15.9 
Reductive cleavage of the oxazoline yielded the corresponding dial. which was further transformed to alcohol 16 
([a]~= +46.40, c- 0.85, CDC13) by periodate oxidation and hydride reduction of the resulting aldehyde.10 

To install the final stereochemical elements of our projected Cl-Ct 1 intermediate we examined procedures 
for effecting the stereocontrolled hydration of olefin 16. Reaction of 16 with BH3-THF proceeded cleanly to give 
diol17 ([a]~= 10.00, c= 0.05, CDCl3), a diastereofacial selectivity opposite to that required for installation of the 
C&g stereochemistry of zincophorin. lH NMR analysis of the derived benzylidene 18 reveals a 1.6 Hz 
coupling between the Cg and Cl0 protons, indicative of an axial-equatorial relationship which can only be 
accommodated by a syn orientation of Cg and Cto substituents. In retrospect, the stereochemistry of 
hydroboration for 16 is consistent with both the Kishi-Hot&l* and Still12 models for allylic stereoconuol in the 
hydroboration of trisubstituted acyclic olefins. Of considerable interest was the hydroboration of the Cl0 epimer 
19, for which the Still and Kishi-Houk models predict disparate stereochemical consequences. Hydroboration of 
19, prepared from z-12 by a sequence similar to that employed for 16, afforded a single diol, which was 
transformed to benzylidene 20. The Hg-Htu coupling constant (10.2 Hz) requires an anti relationship between 
the Cg and Cl0 substituents of 20; thus, the stereochemical outcome for hydroboration of both 16 and 19 is 
consistent with Still’s model, suggesting that the tetrahydropyranyl system and specifically the C7 configuration, 
is the dominant stereocontrol element. l2 The hydroboration of 19 stands in contrast to recent studies from our 
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laboratories involving similarly functionalized acyclic substrates, l3 for which hydroboration is directed by the 
allylic center appended to the less-substituted olefinic carbon, as predicted by the Kishi-Honk models. 

Scheme 2 
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(a) LiA& THF, (b) 2-chloromethyl-4,5~ydihydro-4,4-dimethylox~~ (13). KH. DME; (c) II-BILL THF, -78”; 
(d) CF$OsH (1 eq). HZ0 (1 a& THF, tkn UAW,; (e) NsQ,. =ta=HzO; (0 BHs-THF. 25’. thar I-402. aq hO& 

(g) C&I&HO, CSA. C&,t Q) IW’WCaCOa. Hz, &OH. 

In an effort to emPlOY the CIO stereochemistry of 16 to direct the facial selectivity of additions to the Cg- 
C9 oletin, we next examined strategies for intramolecular reagent delivery (Scheme 3). Attempts to effect 
intramolecular hydrosilation14 of 16 were unsuccessful and led to recovered starting material. To access a system 
for effecting irmamOleCular delivery15 of a hydroborating reagent, diene 21 ([aID= 31.00, c= 0.100, CDCl$ was 
prepared in three steps from 15. Treatment of 21 with mono- and dialkylboranes resulted only in hydroboradon 
of the terminal Olefin; however, reaction with BH3-THF afforded diol 22 ([aID= 20.00, c= 0.200, CDC13), 
possessing the desired C&g COnfiguratiOn of zincophorin. The stereochemistry of 22 was established by the 
oxidation to lactone 23 ([aID= 16.7O, c= 0.090. CDC13); the H9-Htu coupling constant (4.2 Hz) for 23 is 
consistent with a tran.~-substitutd butyrolactone,l6 confirming an u& relationship of Cg and Cl0 subsdtuents. 

Scheme 3 
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(a) CF,C02H (1 eq). Hz0 (1 eq). ‘THF, then LhW&; (b) NATO,. acetone-HrQ (c) Ph,P=CH,, THF; (d) BH,.THF, 0+2X 
then H20Z. aq NaOH; (e) AgsCOs-Cehte. PM-I. 
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The construction of zincophorin intermediates 22 and 23 via sequential enolate Claisen and [2,3] Wittig 
rearrangements demonstrates the synthetic utility of a stereorational, iterative sigmatropic strategy which can be 
extended to a host of other polyketide-derived targets. The advanced precursors to the Cl-Cl1 subunit of 1 
described herein can be transformed into derivatives of aldehyde 2, and suggest previously unconsidered 
oppommities for final assembly of zincophorin, including the potential for lactone 23 to serve as the nucleophilic 
component in condensations with electtophilic Cl~C25 subunits to establish the Cll-Cl2 bond of the ionophcre. 

Acknowledgements. Support of this research by a grant from the National Institutes of Health (GM-39998) is 
gratefully acknowledged. 

1. 

2. 

3. 

4. 
5. 

6. 
7. 

8. 

9. 
10. 

11. 

12. 

13. 

14. 
15. 

16. 

REFERENCES 
Brooks, H. A., Gardner, D., Poyser. J. P. J. Anribiofics 1984,37, 1501. Isolation of a closely related 
ionophore from S. griseus has been described: Grafe, U., Schade, W., Roth, M., Radics, L.. Incze, M., 
Ujszsky, K. J. Anribiorics 1984,37. 836; Radics, L. J. Chem. Sot. C/tent. Comm. 1984, 599. 
a) Danishefsky, S. J., Selnick, H. G., DeNinno, M. P., Belle, R. E. J. Am. Chem. Sot. 1987,109. 
1572; b) Danishefsky, S. J.. Selnick, H. G., Zelle, R. E., DeNinno, M. P. J. Am. Chem. Sot. 1988, 
110.4368. 
a) Kallmerten, J.. Balestra M. J. Org. Chem. 1986.51, 2855; b) Coutts, S. J., Wittman, M. D., 
Kallmerten, J. Tetrahedron L&t. 1990,301. 
Balestra. M.. Wittman. M. D.. Kallmerten, J. Tetrahedron Lerr. 1988.6905. 
a) Wittman. M. D.. Kallmerten, J. J. Org. Chem. 1988,53, 4631; b) Balestra, M., Kallmerten, J. 
Tetrahedron L&r. 1988,6901. 
Prepared from E- 1.4~dihydroxybut-2-ene using the procedure described previously for the syn isomer.jc 
All compounds reported herein have been fully characterized by IR, 1H and 13C NMR. Satisfactory 
combustion or EI-HRMS data have been obtained for all new compounds. 
Nicolaou, K. C., Papahatjis. D. P., Claremon, D. A., Magolda, R. L., Dolle, R. E. J. Org. Chcm. 
1985.50. 1440. See also: Boivin, T. L. B. Terruhedron 1975.43. 3309. 
The stereochemistry of 15 was unequivocally established by degradation as described previously.~ 
Attempts to prepare 16 and 19 directly, by metalation and [2,3] rearrangement of stannyl ethers i, led to 
recovery of mixtures of alcohols 12 and their methyl ethers ii, resulting from a-lithioether decomposition 
via carbene extrusion and protonation, respectively. For related examples see: Priepke, H., Bruckner 
Chem. Ber. 1990,123, 153; Priepke, H., Bruckner, R., Harms, K. Chcm. Ser. 1990 123, 555. 

a) Schmid, G., Fukuyama, T.. Akasaka, K.. Kishi, Y. J. Am. Chem. Sot. 1979,101, 259; 
b) Houk, K. N., Rondon. N. G., Metz, J. T., Paddon-Row, M. N. Tetrahedron 1984.40, 2257. 

i ii 

Still, W. C.. Bsrrish, J. C. J. Amer. Chem. SOC. 1983,105,2487. Exceptions to this model have been 
noted: Paterson I., Channon, J. A. Terrahedron Lerr. 1992.33, 797; Somers, P. K., Wandless, T. J., 
Schreiber, S. L. J. Am. Chem. Sot. 1991,113, 8045. 
Coutts, L. D.. Cywin, C. L., Kallmerten, J., manuscript submitted for publication. See also: Marshall, J. 
A., Blough, B. E. J. Org. Chem. 1990,55, 1540. 
Tamao, K.; Nakajima, T.; Sumiya, R.; Higuchi, N.; Ito, Y. J. Am. Chem. Sot. 1986,108. 6090. 
a) Still, W. C., Darst, K. P. J. Am. Chem. Sot. 1980,102, 7385; b) Yokoyama, Y.. Kawashima. H., 
Kohno, M., Ogawa, Y., Uchida, S. Tetrahedron Lerr. 1991, 1479. 
See for example: Hannessian, S., Murray, P. J. Terruhedron 1987,43,5055. 

(Received in USA 3 November 1992) 


