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for 14 was 210:1,1° which is very close to that observed for 1, 2,
6, and 10. Stereochemistry of 15 was established by its successful
transformation into 3.
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a-Kainic acid, isolated from the algae Digenea simplex' and
Centrocerus clavulatum,? has been shown to possess constitution
and relative configuration 1 (Scheme I) on the basis of chemical®
and X-ray evidence.* Correlation of 1 with the structurally related
seaweed constituents a-allokainic acid® (2) and domoic acid (3)6
indicated the identity of their C(2) configuration. However, the
assignment of the depicted (25) configuration by means of Lutz’s
rule’ may be regarded as merely tentative.%?! In view of the potent
neuronal excitatory activity of kainic acid (1) and of domoic acid
(3),° we aimed at an enantioselective synthesis of 1 which fur-

(1) Murakami, S.; Takemoto, T.; Shimizu, Z. J. Pharm. Soc. Jpn. 1953,
73, 1026.

(2) Impellizzeri, G.; Mangiafico, S.; Oriente, G.; Piatelli, M.; Sciuto, S.;
Fattorusso, E.; Magno, S.; Santacroce, C.; Sica, D. Phytochemistry 1978, 14,
1549.
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Matsuoka, T. J. Pharm. Soc. Jpn. 1955, 75, 807, 811, 814. (b) Murakami,
S.; Takemoto, T.; Tei, Z.; Daigo, K. Ibid. 1955, 75, 866, 869. (c)} Morimoto,
H.; Ibid. 1955, 75, 901, 943.

(4) Watase, H.; Tomiie, Y.; Nitta, I. Bull. Chem. Soc. Jpn. 1958, 31, 714;
Nature (London) 1958, 181, 761.

(5) Nakamori, R. Proc. Jpn. Acad. 1956, 32, 3S; J. Pharm. Soc. Jpn. 1956,
76, 279.

(6) Takemoto, T.; Daigo, K.; Kondo, Y.; Kondo, K. J. Pharm. Soc. Jpn.
1966, 86, 874.

(7) Lutz, O. Chem. Ber. 1929, 62, 1916. Lutz, O.; Jirgensons, Br. Ibid.
1930, 63, 448; 1931, 64, 1221.

(8) The [a]p/pH relationship of aqueous solutions of 1 and 2 was com-
pared with those of configurationally established amino acids. Morimoto, H.
J. Pharm. Soc. Jpn. 1955, 75, 941. Morimoto, H.; Nakamori, R. Jbid. 1956,
76, 26. Nakamori, R. Ibid. 1956, 76, 291. Morimoto, H. Proc. Jpn. Acad.
1955, 31, 372. See also ref 5.

(9) Shinozaki, H.; Konishi, S. Brain Res. 1970, 24, 368. Johnston, G. A.
R.; Curtis, D. R.; Davies, J.; McCulloch, R. M. Nature (London) 1974, 248,
804. Biscoe, T. J.; Evans, R. H.; Headley, P. M.; Martins, M. R.; Watkins,
J. C. Brit. J. Pharm. 1976, 58, 373. McGeer, E. G.; McGeer, P. L.; Singh,
K. Brain Res. 1978, 139, 381. For reviews see: McGeer, E. G.; Olney, J. W.;
McGeer, P. L. “Kainic Acid as a Tool in Neurobiology”; Raven Press: New
York, 1978. Watkins, J. C. “Glutamate Transmitter in the Central Nervous
System”; Roberts, P. J., Storm-Mathisen, J., Johnston, G. A. R. Eds.; Wiley:
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@ Key: (a) BH, (3 equiv), THF, —15 °C, 13 h, 57%; (b)
t-Bu(Me), SiCl (1.2 equiv), NEt, (1.2 equiv), 4-(dimethylamino)-
pyridine (0.05 equiv), CH,Cl,, room temperature, 3d, 92%; (c)
NaH (1.4 equiv) was slowly added to a solution of 7 and 1-bromo-
3-methyl-2-butene (1.3 equiv) in HMPA, 0 °C, 1 h at 0 °C then 16
h at room temperature, 77%; (d) (i) lithium 2,2,6,6-tetramethyl-
piperidide (2 equiv), THF, —78 °C, 45 min, (ii) C;H,SeCl (1
equiv) —78 °C room temperature, (iii) 30% aq H,0,, Py, CH,Cl,,
room temperature, 15 min, 48%; (e) 5% solution of 9 in toluene,
130 °C, 40 h, 70%; (f) (i) tetrabutylammonium fluoride (3 equiv),
THF, room temperature, 1 h, (ii) Jones’ reagent, acetone, 0 °C, 20
min, 60%; (g) (i) LiOH (10 equiv), 3:1 MeOH/H,O0, room tempera-
ture, 40 h, (ii) pH 2, evaporation, (iii) 1:1 CF,COOH/CHCl,, 0 °C,
1 h, (iv) treatment with ion-exchange resins'® (56%).

thermore establishes unambiguously its absolute configuration.
To this end natural (S)-glutamic acid appeared to be a convenient
starting material; the chiral center C(2) therefrom was expected
to control sterically the formation of the C(3)~C(4) bond via an
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intramolecular thermal type I ene reaction!® of an appropriate
1,6-diene intermediate.!!!?

To avoid loss of the stereochemical integrity by a thermal olefin
migration analogous to the previously observed process 4 — 5
(Scheme 11, we envisaged a suitable “protection” of the a-carboxyl
group by a reduction-oxidation sequence. As a corresponding
control experiment N-benzoylprolinol was oxidized with Jones’
reagent to give N-benzoylproline with virtually quantitative re-
tention of configuration. Accordingly, the carboxyl group of the
carbamate 6 (Scheme II1),!* prepared from commercially available
(+)-5-ethyl glutamate,'* was reduced selectively with diborane
(57% yield); subsequent silylation'’ of the resulting primary alcohol
furnished the tert-butyldimethylsilyl ether 7'° (92% yield). N-
Alkylation of 7 with 1l-bromo-3-methyl-2-butene/NaH in
HMPA!! the monoolefin 8 (77% yield). Conversion of the sat-
urated ester 8 to the conjugated enoate 9 caused initial difficulties
since all attempts to selenate 8 employing 1 equiv of various strong
bases failed completely. By contrast, deprotonation of the ester
8 using 2 equiv of lithium 2,2,6,6-tetramethylpiperidide, successive
selenation of the enolate, oxidation, and selenoxide elimination!é
produced smoothly the a,8-unsaturated ester 9'3 (48% yield). The
stage was now set for the crucial closure of the five-membered
ring.

Heating a 5% solution of the 1,6-diene 9 in toluene at 130 °C
for 40 h using a sealed Pyrex tube gave the desired pyrrolidine
10"% in 75% yield. As we had anticipated, the configurations of
the newly formed centers C(3) and C(4) in 10 were nicely con-
trolled in the ene process.!” The depicted stereochemistry agrees
with the 'TH NMR spectrum of 10, which exhibits two singlets
at 6 4.92 and 4.71, indicating the cis relationship of the isopropenyl
and ethyl acetate substituents.'® Ultimate proof of this assignment
was obtained by the conversion of the ene product 10 to (~)-a-
kainic acid (1) as described below.

Cleavage of the silyl ether moiety of 10 by treatment with
tetrabutylammonium fluoride!® and subsequent oxidation of the
resulting primary alcohol with Jones’ reagent furnished the car-
boxylic acid 11'3 (60% yield). Saponification of 11 with LiOH,
followed by removal of the tert-butoxycarbonyl group with tri-

(10) Review: Oppolzer, W.; Snieckus, V. Angew. Chem. 1978, 90, 506;
Angew. Chem., Int. Ed. Engl. 1978, 17, 476. See also the diastereoselective
synthesis of (£)-modhephene: Oppolzer, W.; Bittig, K. Helv. Chim. Acta
1981, 64, 2489 and ref 11 and 12.

(11) A former synthesis of racemic a-kainic acid, based on the ~70%
stereoselective, thermal cyclization of the 1,5-diene 8 (Scheme II) was pos-
tulated to proceed via the transient 1,6-diene 4: Oppolzer, W.; Andres, H.
Helv. Chim. Acta 1979, 62, 2282.

(12) For a Lewis acid mediated, enantioselective ene-type cyclization
leading to a synthesis of (+)-a-allokainic acid see: Oppolzer, W.; Robbiani,
C.; Bittig, K. Helv. Chim. Acta 1980, 63, 2015.

(13) IR, 'H NMR (360 MHz), and mass spectra are in full agreement
with the assigned structure. The following compounds showed the indicated
optical rotations [a]® (in CH,Cl,): 6, -4.2° (¢ 0.8); 7, -22.7 (c 0.88); 8,
-12.0° (¢ 1.0); 9; 3.8 (¢ 1.0); 10, -31.8° (¢ 0.6); 11, -63.5° (¢ 0.25).
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carbonate (1.1 equiv) and NEt; (1.4 equiv) in DMF/H,0 (3:2), for 4 h at
room temperature following the procedure described by Moroder et al.
(Moroder, L.; Hallett, A.; Wiinsch, E.; Keller, O.; Wersin, G. HoppeSeyler’s
Z. Physiol. Chem. 1976, 357, 1651) to give 6'% in 99% yield.

(15) Chaudhary, S. K.; Hernandez, O. Tetrahedron Lett. 1979, 99,

(16) Sharpless, K. B.; Lauer, R. F,; Teranishi, A. Y. J. Am. Chem. Soc.
1973, 95, 6137. Reich, H. J.; Renga, J. M.; Reich, 1. L. Ibid. 1975, 97, 5434.

(17) GC/MS analysis (capillary column, quartz, 25 m, OV 101, 200 °C)
of crude as well as of chromatographed 10 indicated the presence of three
isomers in a ratio of 8:83:9 (retention times 48, 49, 51 min). However, the
crude primary alcohol, obtained by complete (‘H NMR) silyl ether cleavage
of 10 (80% yield), was shown to be isomerically pure by 'H NMR (100 MHz,
+65 °C) as well as by resilylation, which furnished GC analytically pure 10
(60% yield). Furthermore, the subsequent conversion to (—)-kainic acid was
carried out with avoidance of a possible loss of stereoisomers. It thus follows
that the crucial ene reaction 9 — 10 is at least 83% stereoselective leading
to pure (-)-kainic acid without the need to separate isomers.

(18) (a) Kondo, K.; Kondo, Y.; Takemoto, T.; Ikenoue, T. Bull. Chem.
Soc. Jpn. 1962, 35, 1899. (b) Kennewell, P. D.; Matharu, S. S.; Taylor, J.
B.; Sammes, P. G. J. Chem. Soc. Perkin Trans. I 1980, 2542. (c) Oppolzer,
W.; Robbiani, C. Helv. Chim. Acta 1980, 63, 2010.

(19) Corey, E. J.; Venkateswarlu, A. J. Am. Chem. Soc. 1972, 94, 6190.

(20) Following the procedure described in ref 3a, a-kainic acid was treated
with saturated anhydrous HC1/MeOH at room temperature for 1 h to give
the a-kainic acid dimethyl ester in 55% yield.

fluoroacetic acid and subsequent treatment of an aqueous solution
of the evaporated reaction mixture with in-exchange resins'!
furnished enantiomerically pure (-)-a-kainic acid (56% yield),
which was then recrystallized (H,0). 'H NMR analysis of the
remaining mother liquor!! showed not even a trace of other ste-
reoisomers, thus confirming the high stereoselectivity of the key
step 9 — 10. The synthetic (-)-a-kainic acid (mp 237-243 °C
dec, [a]?p ~15.0° (¢ 0.5, H,O) was shown to be identical with
natural 1 by mixed melting point, IR, chiroptic, and 'H NMR
(360 MHz) evidence. Further proof for enantiomeric purity and
the identity of synthetic and natural 1 was provided by 'H NMR
comparison of the corresponding dimethyl ester'® in the presence
of the chiral shift reagent tris(3-(trifluoroacetyl)-d-camphora-
to)europium(I11).!2

In summary, this direct approach affords (—)-a-kainic acid from
(S)-(+)-5-ethyl glutamate in 5% overall yield and establishes the
absolute configuration of the natural products e-kainic acid (1),
a-allokainic acid (2), and domoic acid (3). It furthermore il-
lustrates the potential to achieve steric control in intramolecular
ene reactions. Finally, it seems worthwhile to advance the hy-
pothesis that in the biosynthesis of 1-3 (S)-glutamic acid and an
isoprenoid unit are joined by analogous reaction schemes involving
an intramolecular ene-type reaction.
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The preparation of 20,20,20-trifluororetinal (13-(trifluoro-
methyl)retinal), I, was reported in a recent study of the corre-

1 Ber, CF,

16 17

X 1 _s_ScHo CHO
w D
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sponding bacteriorhodopsin analogue.? We now disclose our
results on the system and the related 19,19,19-trifluororetinal (II)
as part of a study of fluorine-labeled visual pigments.* Since our
work is not in agreement with the stereochemical assignment made
for the reported all-trans-1, this communication emphasizes
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