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tirhct: 1,1’-(asco-Allrylideae)-22’~lgl~l Ietmcth lipii models (9) have bceo pmpad by coupliug 
two equivalenlg of 1-wmbMlkyl>-2-alkylglyd duber& duuugb silver-catalyzed anlphg of the Gligoard 
rcaptg 8 with iodide 7. 

Archaebacterial tetraether lipids’ have received considerable attention due to their unusual structum 
and potential properties? In particular the cyclic 23’; 3~‘-~isbiphytaayl-di-sn-glycerol tetraethem 1 (R = 
sugar, phosphate, nonitol. etc.). containing a 72-membered ring with 16 conQurationally defined methyl 
groups, have not yet been synthesized. 

Previous open-chain lipid tetraethers have been prepared primarily by modifications of the 
Wilhamson ether synthesis. employing ~m-dibromoalkanes.3 Here we report a coupling strategy which we 
have succes&Ry applied to a simpler, known, acyclic, straight-chain tetraether model. We believe this 
idea may be applicable to the more difficult task of assembling the cyclic tetraether.’ 

Scheme 1 outlines our coupling studies. BF, . OEt, catalyxed’ reaction of rat-benzyl glycidyl 
ether with hexamethylene chlorohydrhr’ 2u gave Sa in one step in 80% isolated yield. This sequence was 

repeated using M-chlorohexadecanol analogs. 16-Hydroxyhexadecanoic acid was converted to N-chloro- 

hexadecanoyl chloride and reduced without puritication by alane’ to the M-chloro alcohol 2b (94%). BF,- 
catalyzed alcoholysis of (R)-glycidyl benzyl ether with the chlomhydrin gave the corresponding primary 

ether, (S)-Sb, in 86% yield. 

4297 



4298 

As an alternative route to 5, BF, catalyzed ring opening of rclc-glycidyl tosylate with 
hexamethylene chlorohydrin (2a) gave the ether-tosylate 3a in 80% yield. Treatment with potassium 
carbonate* gave dchlorohexyl glycidyl ether 4a (80%) which was opened regioselectively in a similar 
manner with benzyl alcohol/BP, etherate to give @ be.nzyl6-chlorohexyl diether Sa (60%). This sequence 
was also repeated using the Schlorohexadeca~l ana@e BF,-catalyzed alcoholysis of Wglycidyl 
tosylate9 with the chlorohydrin 2b gave the corresponding primary ether 3b in 85% yield. Ring closure 
with base (80%) followed by ring opening with benzyl alcohol and BF, etherate (82%). as before, gave 3- 
O-benzyl-1-O-(16_chlorohexadecyl)-sn-glycerol diether (R)_(+)_sb in 82% yield. 
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Alkylation of the free hydtoxyl group of So with n-heptyl iodide in the presence of a catalytic 

amount of tetra-n-butylammonium iodide1o afforded uiether 6a in 85% yield. The chloride was replaced by 
iodide (7a, 95%). then dimerixed to h (52%) using Kochi’s procedure:” one eqkalent of iodide 7a was 
converted to the Grignard reagent @a) then coupled with a second equivalent of iodide using “soluble 

silver” catalyst.‘* Similarly, Win coupling of the free secondary hydroxyl group of (R)-5b with 
hexadecyl iodide gave trkther 6b (99%). Again, conversion to the iodide (7b. 85%) and Kochi coupling 
with Grignard reagent 8b (38%) gave the known xL 1.32di-(3-benxyloxy-(2R)-2-hexadecyloxypropanoxy)- 

dotridecane (9b). The overall yield of the beimyl protected sn-1,2-glycerol tetraether 9b for the 6 steps, 
starting with the hydroxy acid 2b. was 25.9%. Considering the low yield coupling step, this reaction 
sequence compares favorably with published procedures which employed the Williamson reaction 
exclusively for acyclic tetraethers (g-15%). It is worth noting the lengthy preparation of 1.32- 
dibromodotridecanea*‘3 requited by the Williamson route. The overall yield of benxyl protected sn-2,3- 
glycerol tetraether 9b for the 8 steps starting with the tosylate would be 16.7% using this route. 

In conclusion, the method reported hem allows the preparation of protected 1.2 or 2.3~sn-glycerol 
tetraethers via BF,-catalyxed alcoholysis of glycidyl derivatives and Kochi-type coupling.” Attempts to 
construct and couple appropriately substituted haloalkyl glycerol derivatives to form cyclic diglycerol 
tetraethers are in progress. 

Acltuowledgments: This work was supported in part by grants from the National Institutes of Health. (HL- 
16660) and the Trinity America Corp. Mass spectral data were obtained at the Michigan State University 
Mass Spectrometry Facility which is supported in part by a grant @RR-00480) from the Biotechnology 
Research Technology Program, NationaI Center for Research Resources, National Institutes of Health. We 
are also very grateful to our colleague, Prof. David Locke, for the medium resolution GUMS spectra. 

References and Notes 
1. For reviews concerning archaebackrial lipids see: (a) Langworthy. T.A. “Lipids of Archaebacteria,” In 

The Bacteria. VoL III, Chap. 10; Academic Press: New York, 1985; p. 459. (b) Tomabene. T.G.; 
Langworthy, T.A. Science 1978.203.51. (c) de Rosa, M.; Gambacorta, A. Prog. Lipid Res. 1988,27, 
153. 

2. For studies concerning membranes formed from archaebacterial lipids see (a) Langworthy. T.A. Current 
Topics in Membranes and Transport, 1982, 17. 45. (b) Lelkes. P.I.; Goldenberg. D.; Gliozxi, A.; de 
Rosa, M.; Gambacorta, A.; Miller, I. Biochim. Biophys. Acta 1983.32.714. (c) B&her. D.; Gutermann. 
R.; Henkel, B.; Ring, K. Biochim Biophys. Acta 1984. 778,74. (d) Miller, I.; Bach, D.; de Rosa, M.; 
Gambacorta, A. Biophys. Chem 1985.22.27. (e) Blt!cher. D.; Six, L.; Gutermann, R.; Henkel. B.; Ring, 
K. Biochim Biophys. Acru 198!5, 818. 333. (f) BlUcher. D.; Gutermann, R.; Henkel. B.; Ring, K. 
Biochim Biophys. Actn 1990, 1024, 54. (g) Lo, S-L.; Chang, E.L. Biochem Biophys. Res. Convnun. 
199O,Z67,238.(h) Melikyan, G.B.; Matinyan, N.S.; Kocharov. S.L.; Arakelian. V.B.; Prangishvili, D.A.; 
Nadamishvili, K.G. Biochim Biophys. Acra 1991.Zo68.245. (i) Elferink. M.G.L.; de Wit, J-G.; Demel. 
R.; Driessen, A.J.M.; Konings. W.N. J. Bioi. Chem 1992,267, 1375. 
For studies concerning membranes formed from straight-chain models of amhaebacterial lipids see: 
(j) Thompson, D.H.; Wang. KF.; Humphrey-Baker, R.; Wheeler. J.J.; Kim, J-M.; Rananavare, S.B. J. 
Am Chem Sot. 1992,114,9035. (b) reference 3 below. 



4300 

3. 

4. 

5. 

6. 
7. 
8. 
9. 

10. 

11. 
12. 

13. 

14. 

(a) Y-u&i, K.; Moriya, A.; Kinosbita, M. Biochim Biophys. Acta ND, 1003,151. (b) Moss, R.A.; 
Fnjita, T.; Okamura, Y. Lungmuir W&7,241. (c) Yamaucbi, K; Sakamota, Y.; Moriya, A.: Yamada, 
K.; Hosukawa, T.; Higuchi, T.; Kin&ha, M. J. Am Chcm Sot. 1990,122, 3188. (d) Yamauchi, K.; 
Yamada, K.; Kinoshita, M.; Kamikawa, T. Bull. Chea Sot. Jpvr 1991,&t, 2088. (e) see also Kim, J- 
M.; Thompson, D.H. hgnu& 1992.8, 637. 
Menger, F.M.; Brocchini, S.; Chen, X. Angew. C%em. Int. Ed En& 1992,31. 1492. The authors have 
synthesized various “giant ring” lipid di- and tetraethers. employing a very effltient Glaser oxidation to 
couple two long chain mrminal alkyoes on the same or separate glycerol units . 
(a) Guivisda&y, P.N.; Bittman, R. Tezruhedk~ L&t. lm, 30, 4393. (b) Guivisdal&y. P.N.; 
Bittman, R. J. Am Chem Sot. 1989, 211.3077. (c) Gui@dalsky, P.N.; Bittman, R. J. Org. Chern 
1989,54,4637 and 4643. (d) Ali. S.; Bittman, R. Biochem. Cell BIN 1990.68.360. (e) Deveer. 
A.M.Th.J.; Dijkman. R.; Leuveling-Tjeenk, M.; van den Berg, L.; Ransac, S.; Batenburg, M.; 
Egmond, M.; Verheij, H.M.; De Haas, G.H. Biochemisny 1991,3U, 10034. (f) Jain, M.K.; Tao, 
W.; Rogers, J.; Arenson, C.; Eibl, H.; Yu, B-Z. Bio&emisny 1991, 30, 10256. 
Campbell, K.; Sommers, A 0~. Syn, ColL Vol. 111; J. Wiley and Sons: New York, 1955; p. 446. 
Nystrom, R.F. J. Am. Chem Sot. 1959,81,610. 
Byun, H-S.; Bittman. R. Tetrahedron L&t. 1989,30,2751. 
It should be noted that the relutive configurations of (R)-glycidyl tosylate and (R)-glycidyl benzyl ether 
are opposite even though they both have the same absolute configuration. 
Yields were improved by the addition of tetra-n-butyl ammonium iodide (or fluoride). (a) Abdelmageed, 
O.H.; Duclos Jr., R.I.; Griffin, R.G.; Siminovitch. D.J.; Ruocco. M.J.; Makriyannis. A. Chem. Phys. 
Lipids 1989, SO, 163. (b) Abdelmageed, O.H.; Duclos Jr., R.I.; Abushanab, E.; Makriyannis. A. ibid 
1990,54, 49. 
Tamura, M.; Kochi, J. Synthesis 1971,303. 
Heathcock et al. synthesized the natural biphytanediol using Kochi’s procedure to couple two 
diiunctionalized phytane chains whidh were produced stereospecifically by an ingenious sequence of 
aldol reactions and Claisen rearrangements. (a) Heathcock, C.H.; Finkelstein, B.; Aoki. T.; Poulter, C.D. 
Science 1985229,862. (b) Heathcock, C.H.; Radel, P.A. J. Org. Chem. 19&j, 51,4322. (c) Heathcock, 
C.H; Fix&e&in, B.L.; Jarvis, E.T.; Radel, P.A.; Hadley, C.R. J. Org. Chem. 1988, 53, 1922. 
Hunig. S.; Lucke. E.; Brenninger, W. Org. Syn. Coll. Vol. V; J. Wiley and Sons: New York, 1.973; 
p. 533. 
All compounds were characterized by IR, ‘H and 13C NMR, low and high resolution mass spectrometxy, 
and elemental analysis as appropriate. [ag (CHCI,): (R)-3b. -3.04’; (It)-4b, +1.600; (S)-Sb, -1.34”; (R)- 
5b. +1.33”; (R)-6b, +0.19”; (R)-7b, +0.17”; (I?)-9b, +0.23”. 

(Received in USA 17 February 1993; accepted 23 April 1993) 


