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SYNTHESIS OF THE OPTICALLY ACTIVE GRASSHOPPER KETONE
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Recently Taylor and Burden provided an evidence that the absolute configuration of
ei1ther violaxanthin or (+)-abscisic acid had been incorrectly assigned (1). This aroused
our interest to attempt syntheses of degraded carotenoids related to abscisic acid in their
natural configuration. Our strategy was to secure a common intermediate A which would
readily be convertible to the grasshopper ketone (I)(2) or to compounds with an unsaturated
ketol moiety C via an epoxide B, Here we describe a synthesis of the grasshopprer ketone (1)
1n its natural configuration, although the optical purity i1s not satisfactory at present.

The known diketone (II)(3) was reported to give a ketol (III) upon hydrogenation (Pt0p/
MeOH)(4). However, the product, mp 75-76° (11t.4 56°), & 0.86 (3H, s), 1.08 (3H, s), 1.09
(3H, 4, J=6Hz), 3,37 (1H, d, J=10Hz), was founa to be IV by 1ts conversion to 2,2,6-trimethyl-
cyclohexanone by means of the Huang-Minlon reduction followed by the Jones oxidation. Thas
selective hydrogenation of the morehindered CO of II 1s an interesting phenomenon (5). The
optical resolution of the ketocl (IV) was achieved by the use of 3B-acetoxyetienic acid (6,7).
A mixture of two diastereomers (V and VI) was separated by fractional crystallization to give
the more soluble etienate (V), mp 184.5-186.0°, [@Jg4-13° (¢ 0.037 1n dioxan), and the less
soluble etienate (VI), mp 243-244°, [a]%“ -31° (¢ 0.037 in dioxan). The 1,6-trans stereo-
chemistry of V and VI was based on the magnitude of 71,6 (~l0Hz). The absolute configurations
as shown in V and VI were deduced from the ORD data of V, negative Cotton effect (¢ 0.002 1in
MeOh),DPJ 308 -500° (trough), [93253 +2500° (peak), and VI, positive Cotton effect (¢ 0.002
in MeOH), Eﬁ]508 ~100° (peak),[f] 270 -500° (trough),[@] 233 +2000° (second peak). The pesk

at 233 nm was due to the steroidal ester portion (8).
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Tre less solucle ketone (VI, [m}%4 -28.00, ¢ 0.01 in dioxan, 834 purity with 17% of V)
was rTewiced with Ti1A1HM (O&AL)j to give, after ciromatography over A1205, an axial alcohol

SO

(VII), mp 205-236", [aJ%A -39.4% (¢ 0.01 1in aioxan). TIis C-4 proton absorbed at 6 3.99 (1H,
t) with J-6bz, 1nuaicating the R-axaal configuration of the OH group. After protecting the OH
gToan as a THF ether (VIII), mp 195-20¢°, [a]é4 -2¢.2% (¢ 0.01 1n diroxan), the steroidal
ester (VITI) was treated withr L1AlH, to give an alecohol (1£)(9). The Sarett oxadation of IX
followed by equilibration with NaOhe/teOh afioraed the key intermediate (X) after chromato-
grapny over A1205. This ketone (X) exnibited a positive Cotton effect curve (¢ 0.0013 in
MeOI),Iqi}515 +29OUO (peak),[¢q 265% +2400° (trough) 1n accord with the assigned stereochemisiry
(10). Tne equatorial coufiguration of the TnhiO-group was manifested in the large Wﬁ.value
(~5hz) of THPO-CU-proton.

Treatment of the ketone (X) with a Grignerd reagent prepared from EtVgBr and but-3-yn-
2-01 Tilb ether gave XI as di1-THP ether. The crude proluct was treated with 0.14% RfTSOH/
MeOhL to give a triol (XI). FRurther trarsformation to the grasshopper ketone (I) was carried
out 1n the same manner as descrioed by Weedon anu Russell (11) for the syrthesis of the
racermic ketone (1), The triol (XI) was converted %o a Jiacetate (¥II) which in turn was
dehydrated to give an enyne diacetate (XIIIJ, & 1.15 (GH, s), 1.53 (57, a, J=T'2z), 1.86 (3H,
s), 2.01 (3h, s), 2.05 (3., s}, 4.95 (1F, m), 5.56 (1F, q). Epoxadation of XIII with m-
chloroperber zoic acid in ChClj gave a migture of two enoxides AIV and XV which was partly
separated by chromatograpry over Al,03, The fractions rich in the more strongly absorbed XV
were comblred and reduced with L1A114/Tﬂr'to 4ive a crude allenic triol (XVI), Vmax-3300,
1950 (weak), 1050 cm_l. This was oxidized with MnO, in acetone and purified by preparative
TIC (si1lica gel G¥ye4, EtOlC Cohg 7 3) to g1ve the grasshopper ketone (T, Ry 0.24, Amg) .
Although tne procuct could not oe crystallized becaase of 1ts unsatisfactory optical vuraty,
1ts spectral properties were in good agreerent with those of the naturel procduct (2,11} :
Vmax~ 3300, 1935, 1660 em~! | & 1.17 (3H, s), 1.40 (34, s), 1.45 (37, s, 2.19 (3H, sV, 4.30
(1#, m), 5.87 (1, s) Moreover, the CD curve of our totally synthetic material (¢ 0.0004
10 aroxan), (6, 500 0, [0]255 7600 , (8] 559 ©, (8] 554 +8400 , (8] 514 0, 8] 5y -3800, was
qualitatively 1n good agreement with tnat of the sem.-syntnetic grasshopper ketone (1) pre-
pare¢ fror fucoxantbin (1l.). The data kiral, supplied by -rof. Meedom were ﬁ3]255 ~11300,
[e]g‘O ¢, [0] 229 +4830 , [6J216 O,[QJ 011 -0040. Tae ortical purity of the synthetic prod-

uct wes more tnan 64, as Jadged oy these values.,
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In view of the established stereochemistry (I) of the fucoxanthin degradation product by
X-ray crystallographic analysis (12), the present synthesis confirmed the absolute configura-
tion of ocur key intermediate (X) determined by ORD method. Conversion of X into other terpenes
will be reported in due course,

Acknowledgement : The author wishes to express his thanks to Prof. M. Matsui, the Dean, Faculty
of Agriculture, this‘University, for encouragement. Thanks are due to Prof, B.C.L. Weedon,
F.R.S., Queen Mary College, for a copy of the unpublished CD spectrum of I. Techniéal assist-
ance (preparation of B-phorone and chromatographic snalyses) of Messers M, Ohki, T. Tekigawa,

T. Takakusaki and S. Saito is gratefully acknowledged.

REFERENCES AND FOOTNOTES
1. R.S. Burden and H.F. Taylor, Tetrahedron lett., 4071 (1970); H.F: Taylor and R.S. Burden,
Proe. Royal Soc., B 180, 317 (1972).
2. J. Meinwald, K. Erickson, M. Harishorn, Y.C. Meinwald and T. Eisner, Tetrahedron lett.
2959 (1968).

3. J.N. Marx and F. Sondheimer, Tetrahedron Suppl. 8, Part I 1 (1966).

4. ¥. Hoffmann-la Roche & Co., A.G., Brit. Pat., 790, 607. see C.A: 52, 15575d (1958).

5. Further studies on this problem will be published elsewhere by K. Wori, S. Saito and
M. Matsui.

6. R.B. Woodward and T.J. Katz, Tetranedron, 2y 10 (1959).

7. J. Staunton and E.J. Eisenbraun, Org. Synth., 42, 4 (1962).

8. An attempt to resolve 111 was unsuccessful.

9. The purity of oily products was checked by TIC and/or GIC.

10. The optical purity of this ketone (X) could not be determined, since theyfa)D value of
pure X was not known, However, it might be assumed to be 66 reflecting the purity of
the starting steroidal ester (VI).

11. 5.W. Russell and B.C.L. Weedon, Chem. Commuu., 85 (1969); see also D.E. Loeber, S.W.
Russell, T.P. Toube, B.C.}. Wecdon and J. Diment, J. Chem. Soc {C), 404 (1971) .

12, T.E5. DeVille, M.B. Bursthouse, S.W. Fussell and 3.C.L. weedon, Chem. Commun., 1311

(1969).



