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ACYCLIC STEREOSELECTION. 15. SEQUENTIAL ALDOL-CLAISEN
AS A METHOD FOR 1,5-STEREOSELECTION. TOTAL SYNTHESIS
OF THE VITAMIN-E SIDE CHAIN

Clayion H. Heathcock® and Esa T. Jarvi

Department of Chemistry, University of California
Berkeley, California 94720 USA

Summary: Alcohol 1, the side chain of a -1ocopherol, has been synthesized in a stereoselective route involv-

ing an aldol condensation-Claisen rearrangement sequence. The synthesis requires 11 steps and produces 1

in 17% overall yield. A complementary sequence employing reagent 14 provides isomer 18.

The aldol condensation has been established to be an effective tool for achieving 1,2-stercoselection in the
synthesis of acyclic compounds.2 In this communication we demonstrate that this versatile reaction may also be
used in conjunction with the Claisen rearrangement to achieve overall 1,5-stereosclection. The strategy is illus-
trated with a total synthesis of the C 4 alcohol 1, which has been converted into vitamin-E (2)3

OH
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The lithium enolate of ketone 3 reacts with acrolein to give aldol 4 in 50.. yu:ld.5 Oxidation of 4 with
periodic acid in tetrahydrofuran (THF)® gives 8-hydroxy acid 5§ (100%),% which is reduced by lithium aluminum
hydride in refluxing THF to obtain diol 6 (90%).3 Selective protection® of the primary hydroxyl is achieved by
treatment of 6 with r-butyldimethylsilyl chloride, triethylamine and 4-(N,N,dimethylamino)pryidine in
methylene chloride; hydroxy ether 75 is obtained in quantitative yield. Propionale ester 83 obtained by reac-
tion of 7 with propionyl chloride in methylene chloride (73%), is subjected to Ireland’s conditions for the eno-
late Claisen rearrangement®(1. LDA, THF, -78°C; 2. (-BuMe,SiCl, -78°C; 3. 25°C, 5.5 hr) to obtain unsa-
turated acid 95 (58%). Catalytic hydrogenation of this material (H;, P1O,, EtOAc) alfords saturated acid 10
(100%)> which is reduced (diborane, THF, 25°C) to obtain the monoprotected diol 11 (83%).5 Tosylate 12°
obtained from 11 in the normal manner (p-TsCl, CsHsN, CHCl, 86%), is allowed to react with two
equivatents of 3-methyl-1-butylmagnesium bromide and LiCuCly in THF at 0°C for | hr, then at 25°C for 30
hr¥ ¥ 10 obtain ether 133 (85%). Deprotection of this compound (#+BuN*F~, THF 25° C) gives alcohol 1
(80). Alcohol 1 was shown by C-NMR spectroscopy to be identical with an authentic sample of enantiomer-
ically homogeneous 1.3 10
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6: R;=Ry=H 9
T: R, = H, Ry = f-BuMe,Si
8: R, = COEt, R2= 7-BuMe,Si
HOOC/L/\J\/OSiMea(f-Bu) RO\/'\/\/'\/OSIMeZ(f—Bu)
10 I1: R=H
12: R=Ts
/k/\J\/\/'\/OSIMez(f'BU)
13

In a complementary sequence of reactions ester 14" is condensed with acrolein to provide an 86:14 mix-
ture of B-hydroxy esters 15 and 16 (88%) which is reduced (LiAlH,, refluxing THF) to a similar mixture of
alcohols 17 and 6. This mixture of diastereomers is converted by the same sequence outlined above to an
86:14 mixture of alcohols 18 and 1. The major isomer was identified by comparison ('*C-NMR)'? with an

authentic sample of enantiomerically homogeneous 183
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The forcgoing investigations have becn carried out entirely with racemic intermediates. However, by tak-

ing advantage of one of the enantioselective aldol reagents that are now available,'? alcohols 1 and 18 could
casily be prepared in enantiomerically homogeneous form. [t should be noted that the Roche group have also
cmployed the Claisen rearrangement of optically active allylic alcohols for construction of the a-tocopherol side

chain."?

Acknowledgements: This work was supported by a grant from the United States Public Health Service (GM-
28849). We thank Dr. Noal Cohen, of Hoffmann-LaRoche Inc., for generous samples of alcohol 1 and the -
butyl ether of alcohol 18.

References and Notes

1

L e =N

-
=

For part 14 see C. 1. Heathcock, J. P. Hagen, E. T. Jarvi, and M. C. Pirrung, J. Am. Chem. Soc., 103,
4973 (1981).
C. H. Heathcock, Science, 214, 395 (1981).

(a) N. Cohen, W. F. Eichel, R. J. Lopresti, C. Neukom. and G. Saucy, J. Org. Chem., 41, 3505 (1976).
(b) N. Cohen. C. G. Scott, C. Neukom. R. J. Lopresti, G. Weber, and G. Saucy, Helv. Chim. Acta. 64,
1158 (1981).

C. H. Heathcock. C. T. Buse. W. A. Kleschick, M. C. Pirrung, J. E. Sohn, and J. Lampe, J. Org. Chem..
45, 1066 (1980).

Compounds were characterized by elemental analysis and/or 'H-NMR. 'H-NMR data are expressed as &
(number of protons, multiplicity, coupling constant). 4.5 0.22 (9 H,s), .12 3 H.d.J =7, 1.38 3 H,
139O H, 3081 H.d.J=2).34TUH, qd.J =4 7,437 H,m), 517 UH,dt,J =2
1D.S290H. doft, ] =2, 11,579 (1 H, ddd, J =4, 11, 17). 8 5 11S(3H,d,J =7, 268 (1 H,
qd. ] =4,7), 442 (1 H, m), 505-530 2 H, m), 570 (1 H, ddd, J = 2,11, 17); 6: 5085 3 H, d, I =
7). 1.90 (1 H. m), 3.7-3.9 (2 H. m), 4.40 (1 H, m), 5.25-5.50 2 H, m), 6.00 (1 H, ddd. J = 4, 11, 7);
768007 (6H,s), 08 GH.d.J=7),09 (9H,s), .94 (1 H, m), 333 (1 H,d.J =5), 3.64-3.74 (2
Hom) 427 (0 H, m), SA8 (1M, d, 1 =11),529 0 H,d, J =17), S.88 (1 H, ddd, J = 5, 11, 17):
HC.NMR (CDCIy): 5 -5.6, 11,0, 25.9, 40.2, 66.7, 74.8, 114.6, 139.3; 8: 5 0.02 (6 H. s), 0.88 (9 H, s),
091 GH, 4.3 =7 LIS QA H, 1, =7),1.86 (1 H, quintet, ] = 5),235Q H.q,J =7),3.44 (11,
dd, J = 6,10), 3.53 (1 H, dd, J = 6, 10), 5.13-5.38 (3 H. m), 5.78 (1 H, ddd. J = 6, 10, 18);: "C-NMR
(CDCly): 8§ -5.6,9.0, 11.6, 18.1, 25.8, 27.7, 39.9, 64.5, 74.8, 116.3, 135.6, 173.0; 9: 5 0.03 (6 H, s), 0.88
{(9H,s),096 3H,d,J =7, 11503H,d,1J=7),213-252(4H, m); 3.35 (1 H,dd, J = 7.10), 3.46
(I1H, dd, ] =7,10),540 QO H,t,J =4),540 (1 H, t, ] = 5); 10: 5002 (6 H,s), 088 3 H, d,J =
7,091 (9H,s), .19 3H, d, J =7), 1.24-1.70 (6 H, m), 2.45 (1 H, m), 3.37-3.55 2 H,. m); 11: 5
0.03 (6 H,5),08 (3H,d,J=17),089(9H,s),091 GH,d,J=17),1.0-1.7 (6 H, m), 3.35-3.54 (4
H, m); 12: 8 0.05 (6 H, s), 0.89-0.90 (6 H, m), 0.90 (9 H, s), 1.0-1.7 (6 H, m). 2.45 (3 H. s). 3.35 2 H,
d.J=7),39 QH,d,J=T7,740 (2H, m), 7.80 (2 H, m); 13: 5 0.04 (6 H. s), 0.83-0.90 (12 11, m),
0.90 (9 H, s). 1.0-1.65 (15 H, m), 3.35-3.55 (2 H, m).

R. E. Ireland and J. Newbould, J. Org. Chem. 28, 23 (1963).

S. K. Chaudhary and O. Hernandez, Tetrahedron Leit, 1979, 99.

R. E. Ireland, R. H. Mueller, and A. K. Willard, J. Am. Chem. Soc.. 98, 2868 (1976).
M. Tamura and J. Kochi, Synthesis, 303 (1971).

The '*C-NMR spectra of alcohols 1 and 18 are almost identical. The following resonances are observed at
0.56 M in CDCI; (ppm downstream from TMS): 1, 16.60, 19.65, 22.56, 22.66, 24.38, 24.75, 27.90, 32.71.
33.46, 35.70, 37.20, 37.33, 39.31, 68.14; 2, 16.53, 19.68, 22.56, 22.66, 24.38, 24.75, 27.90, 32.71, 33.45,
35.70, 37.21, 37.33, 39.31, 68.20. A mixture 0.23 M each in 1 and 18 examined at 63.07 MHz showed
distinct doubling of the resonances due 1o the carbinol carbon (68.15 and 68.20 ppm) and the two methyl
carbons (16.53 and 16.60 ppm, 19.58 and 19.66 ppm). All other signals are coincident under these condi-
tions. A similar 1:1 mixture of synthetic 1 and authentic 1, supplied by Dr. Cohen, showed cxact coin-
cidence of all 14 resonances.

C. 1 Heatheock, M C Pirrung, S HL Montgomery, and J. Tampe, Tepahedron, 37, 4087 (198])



2828

(a) N. A. Fvans, J. Bartoli, and T. L. Shih, J. Am. Chem. Soc., 103, 2127 (1981). (b) S. Masamune,
W. Choy, F. A. J. Kerdesky, and B. Imperali, ibid, 103, 1556 (1981).

(a) K. Chan, N. Cohen, J. P. DeNoble. A. C. Specian, Jr., and G. Saucy, J. Org. Chem., 41, 3497
(1976). (b) N. Cohen, W. F. Eichel, R. J. Lopresti, C. Neukom, and G. Saucy, ihid, 42, 3828 (1977).
(¢) K. Chan and G. Saucy, ibid, 42, 3828 (1977). (d) K. Chan, A. C. Specian, Ir., and G. Saucy. ihid.
43, 3435 (1978).

(Received in USA 1 April 1982)



