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Highly stercoselective elongation of a functionalized E
isoprene unit on the Z terminal methyl of prenol was achieved by
the N-ylide rearrangement of N-tiglyl-B-methallyldimethyl-
ammonium salt. (E,Z)-Rearrangement product was converted
into 13-cis-retinol via useful conjugated triene isoprenoid
synthon.

In recent years several kinds of polyprenols such as
betulaprenols (1), bacteriaprenols (2),2 dolichols (3),3 and
others# have been isolated from plant and animal tissues and
microorganisms. As natural sources of polyprenols are
extremely rare, an efficient method of synthesis of these
compounds is desired. Several syntheses of all-frans-polyprenyl
compounds have been reported utilizing such bifunctional (E,E)-
monoterpenoid synthons as 4a5 and 4b,6 whereas the syntheses
of polyprenols with specifically positioned Z-trisubstituted
olefinic bonds as described above have scarcely been reported
because of difficult availability of cisoid isoprenoid synthons.
Only one synthesis of (Z,Z)-synthon 5 has been reported.”
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We have reported stereocontrolled or stereoselective synthesis
of trisubstituted (E)- and/or (Z)-olefins using an N-ylide
[2,3]sigmatropic rearrangement of ammonium salts.8 Reported
herein is highly (Z)-stereoselective [2,3]sigmatropic
rearrangement which provides trisubstituted (£,Z)-synthons 6a
and 6b starting from N-tiglyl-B-methallyldimethylammonium
salts and its application to conjugated triene synthons by
oxidative removal of the dimethylamino group. Further
application of the key triene synthon to the stereoselective
synthesis of 13-cis-retinol (7) is also reported.

Prenyl benzyl ether was converted via ene-type chlorination
followed by amination into internal allylamine, which was reacted
with ethyl y-bromotiglate in MeCN to give quaternary salt 8a.9
Treatment of 8a either with potassium zerz-butoxide in THF-
HMPA or with alkali metal ethoxide in ethanol resulted in the
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Table 1. Reaction of N-Tiglyl-N-fB-methallyldimethyl-
ammonium Salts 8a and 8b
Run Salt Base Solvent Conditions(°C/h) Yield(%) Z:E
1 8a KO'Bu THF-HMPA® —70/2 41  100:0°
2 8a LiOE: EtOH -70/2 37 100 : 0°
3 8a NaOEt EtOH -70/2 32 100 : 0°
4 8a KOEt EtOH -70/4 43 100 : 0°

5 8b KOE: EtOH —78/5 714 95 : 5¢

a Tsolated yield. P HMPA content was 20 vol%. © An examination by the
chemical shifts of olefinic methyl protons for IH NMR and those of olefinic
methyl carbons for 13C NMR (CDCl3) [8 1.84(3H, s); 24.1] suggested that
single stereoisomer (Z)-6a is produced. Besides [2,3]sigmatropic
rearrangement product 6b, [1,2] and [3,3] rearrangement products were
obtained in 10% and 7% yields, respectively. And each of these including Z-
and E-[2,3] products was easily separated by silica gel column
chromatogra;ihy. € Each stereochemistry of the isolated stereoisomers was
analyzed by *H and 13¢ NMR (CDCl3) spectroscopy as follows: (Z)-6b: &
1.73(3H, s); 23.8, (E)-6b: § 1.62(3H, s); 15.9.

formation of an N-ylide, which underwent [2,3])sigmatropic
rearrangement to give diene 6a which possessed a newly formed
Z and tiglyl-origin E stereochemistry (Table 1, runs 1-4).
Similarly, the reaction of 8b with potassium ethoxide in ethanol
afforded (Z)-olefin 6b highly stereoselectively (run 5). It should
be noted that the high Z-selective character of the present system
is in sharp contrast to our previous system which affords (E,E)-
or (E,Z)-sesquiterpenoid synthons according to the reaction
conditions.10

This Z-selectivity of the rearrangement was applied to a
stereoselective synthesis of 13-cis-retinol (7), of which only a
few syntheses were reported. 11

Treatment of 6b with peracetic acid in dichloromethane at —60
°Cin the presence of sodium carbonate resulted in the formation
of the N-oxide intermediate 9, which was followed by a Cope
elimination during warming up to 0 °C for 30 min to give triene
10.12 The E stereochemistry of the newly formed
double bonds was confirmed by the IH-NMR spectrum {5 6.85
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(d, 1H, J = 15 Hz)}. Besides this Cope elimination, [2,3]sigma-
tropic rearrangement product 1112 and [1,2] rearrangement
product 1212 were obtained in 11% and 7% yield, respectively.
Furthermore 11 was gradually transformed into triene 10 via N-
oxide 9 in MeOH. This unique transformation was completed
within 3 d in MeOH at ambient temperature (Scheme 1).

Because of labile property against AICls, tert-
butyldimethylsilyl protecting group was then replaced by tert-
butyldiphenylsilyl group (Scheme 2). Transformation of ester
group to formyl group was carried out by treatment of AlH3,!3
followed by active manganese (IV) oxide. B-Cyclogeranyl p-
tolyl sulfonel4 was converted with n-BuLi into its carbanion,
which reacted with the triene aldehyde 13!2 and quenched with
acetic anhydridel5 followed by desilylation to give S-
acetoxysulfone 14,12 which underwent smooth reductive
cleavage with sodium amalgam to furnish the desired 13-cis-
retinol (7). The structure of the synthetic 13-cis-retinol was
confirmed by a comparison of its spectral data with those in the
literature.11
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As summary, highly stereoselective elongation of a
functionalized isoprene unit on the Z terminal methyl of prenol
was achieved by the N-ylide rearrangement of N-tiglyl-B-meth-
allyldimethylammonium salt. And conjugated triene skeleton can
be obtained by oxidative removal of the amino group of the
rearrangement product. The present method is useful for the
construction of (£,Z)-1,5-diene or conjugated (E,E,Z)-triene
monoterpenoid synthons.

References and Notes
1 B. O. Lindgren, Acta. Chem. Scand., 19, 1317 (1965); A. R. Wellburn
and F. W. Hemming, Nature, 212, 1364 (1966); K. Sato, O.

10

11

12

13
14

15

Chemistry Letters 1996

Miyamoto, S. Inoue, F. Furusawa, and Y. Matsuhashi, Chem. Let.,
1984, 1105.

A. Wright, M. Dankert, P. Fennessey, and P. W. Robbins, Proc. Natl.
Acad. Sci. U.S.A., 57, 1798 (1967); K. Sato, O. Miyamoto, S. Inoue,
Y. Matsuhashi, S. Koyama, and T. Kancko, J. Chem. Soc., Chem.
Commun., 1986, 1761.

J. Burgos, F. W. Hemming, J. F. Pennock, and R. A. Morton,
Biochem. J., 88, 470 (1963); S. Suzuki, F. Mori, T. Takigawa, K.
Ibata, Y. Ninagawa, T. Nishida, M. Mizuno, and Y. Tanaka, Tetrahedron
Lett., 24, 5103 (1983); S. Inoue, T. Kancko, Y. Takahashi, O.
Miyamoto, and K. Sato, J. Chem. Soc., Chem. Commun., 1987,
1036.

A. R. Wellburn, J. Stevenson, F. W. Hemming, and R. A. Morton,
Biochem. J., 102, 313 (1967); K. J. Stone, A. R. Wellburn, F. W.
Hemming, and J. F. Pennock, Biochem. J., 102, 325 (1967); T. Suga
and T. Shishibori, J. Chem. Soc., Perkin Trans. 1, 1980, 2098; K.
Ibata, M. Mizuno, T. Takigawa, and Y. Tanaka, Biochem. J., 213, 305
(1983).

L.J. Altman, L. Ash, R. C. Kowerskl W. W. Epstein, B. R. Larsen,
H. C. Rilling, J. Muscio, and D. E. Gregonis, J. Am. Chem. Soc., 94,
3257 (1972); L. J. Altman, L. Ash, and S. Marson, Synthesis, 1974,
129; Y. Narita, J. Org. Chem., 45, 4097 (1980); T. Fukuda, S.
Kobayashi, H. Yukimasa, S. Terao, M. Fujino, T. Shiba, I. Saiki, I.
Azuma, and Y. Yamamura, Bull. Chem. Soc. Jpn., 54, 3530 (1981).

K. Sato, S. Inoue, A. Onishi, N. Uchida, and N. Minowa, J. Chem.
Soc., Perkin Trans. 1,1981, 761.

K. Sato, O. Miyamoto, S. Inoue, F. Furusawa, and Y. Matsuhashi,
Chem. Lett., 1983, 725.

K. Honda, S. Inoue, and K. Sato, J. Am. Chem. Soc., 112, 1999
(1990); X. Honda, S. Inoue, and K. Sato, J. Org. Chem., 57,428
(1992); K. Honda and S. Inoue, Synlet, 1994, 739.

For preparation of internal allylamine, sec: S. Inoue, N. Iwase, O.
Miyamoto, and K. Sato, Chem. Leu., 1986, 2035. And for prcparation
of ethyl y-bromotiglate, see: A. Locffler, R. J. Pratt, H. P. Ruesch, and
A. S. Dreiding, Helv. Chim. Acta, 53, 383 (1970). A 2 : 1 mixture of
v- bromotiglate and B'-bromo isomer was used for the quaternization
reaction. The latter was recovered unchanged after the reaction by
extraction with ether.

We recently reported that stereocontrolled clongation of a functionalized
isoprene unit on the E or Z terminal methyl of terpenoids was achieved
by the N-ylide rearrangement of the common ammonium salts under the
selected reaction conditions. Treatment of a salt with base in an aprotic
solvent gave (E)-isomer predominantly and (Z)-isomer was formed
predominantly when the salt was treated with an alkoxide base in a
protic solvent. And a functionalized sesquiterpenoid synthon can be
obtained by reductive removal of the amino group of the rearrangement
product, see: K. Honda, M. Tabuchi, and S. Inoue, Chem. Lett., 1996,
385.

J. Otera, H. Misawa, T. Mandai, T. Onishi, S. Suzuki, and Y. Fujita,
Chem. Lett., 1985, 1883; J. Otera, H. Misawa, T. Onishi, S. Suzuki,
and Y. Fujita, J. Org. Chem., 51, 3834 (1986); G. Solladie, A.
Girardin, and P. Metra, Tetrahedron Leit., 29, 209 (1988); G. Solladie,
A. Girardin, and G. Lang, J. Org. Chem., 54, 2620 (1989).

Spectral data for the selected compounds are as follows. 10: 1H-NMR
(CDCl3) 6 0.09(s, 6H), 0.91(s, 9H), 1.32(t, J = 7 Hz, 3H), 1.92(s, 3H),
1.99(s, 3H), 4.22(q, J = 7 Hz, 2H), 4.39(d, J = 6.3 Hz, 2H), 5.63(1, J =
6.3 Hz, 1H), 6.50(dd, J =11, 15 Hz, 1H), 6.85(d, J = 15 Hz, 1H),
7.26(d, J = 11 Hz, 1H). 11: lH-NMR (CDCl3) & 0.06(s, 6H), 0.90(s,
9H), 1.28(t, J = 7.3 Hz, 3H), 1.54(s, 3H), 1.67(s, 3H), 2.61(s, 6H),
4.16(d, J = 6.6 Hz, 2H), 420(q J = 7.3 Hz, 2H), 5.39(t, J = 6.6 Hz,
1H), 5.5-5.7(m, 2H). 12: 1H-NMR (CDCl3) & 0.06(s, 6H), 0.90(s,
9H), 1.29(t, J = 7.3 Hz, 3H), 1.77(s, 3H), 1.87(s, 3H), 2.0-2.5(m, 2H),
2.54(s, 6H), 4.16(d, J = 6.3 Hz, 2H), 4.19(q, J = 7.3 Hz, 2H), 4.51(q, J
= 6.9 Hz, 1H), 5.39(t, J = 6.3 Hz, 1H), 6.66(d, J = 6.9 Hz, 1H). 13:
1H-NMR (CDCl3) & 1.06(s, 9H), 1.86(s, 3H), 1.92(s, 3H), 4.42(d, J =
6.3 Hz, 2H), 5.81(t, J = 6.3 Hz, TH), 6.57(dd, J = 12, 15 Hz, 1H),
6.73d, J = 15 H/,, 1H), 6.75(d, J = 12 Hz, 1H), 7.3-7.7(m, 10H),
9.42(s, 1H). 14: IH-NMR (CDCI3) & 0.72(s, 3H), 1.11(s, 3H), 1.3-
1.7(m, 4H), 1.64(bs, 1H), 1.71(s, 3H), 1.86(s, 3H), 2.01(s, 3H), 2.0-
2.2(m, 2H), 2.11(s, 3H), 2.47(s, 3H), 4.19(d, J = 10.6 Hz, 1H), 4.27(d,
J =7Hz, 2H), 5.58(t, J = 7 Hz, 1H), 5.99(d, J = 11 Hz, 1H), 6.02(d, J =
10.6 Hz, 1H), 6.33(dd, J = 11, 15 Hz, 1H), 6.51(d, J = 15 Hz, 1H),
7.35(d, J = 8.6 Hz, 2H), 7.83(d, J = 8.6 Hz, 2H).

M. J. Jorgenson, Tetrahedron Lett., 1962, 559.

S. Torii, K. Uneyama, and M. Ishihara, Chem. Lett., 1975, 479.

M. Julia and J-M. Paris, Tetrahedron Lett., 1973, 4833; P. J.
Kocienski, B. Lythgoe, and S. Ruston, J. Chem. Soc., Perkin Trans. 1,
1978, 829.



