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SYNTHESES OF (1'R)-1'-METHYL-cis-ZEATIN AND ITS 9-8-D-RIBOFURANOSIDE

- . . .
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Abstract —— The cis isomers IIIb and IVb of the recently isclated
cytokinins (1'R)-1'-methylzeatin (IIa) and (1"R)-1"-methylzeatin
9-riboside (IVa) have been synthesized from B-alanine (V) through

the intermediates VI, VIO, IX, VIO, X, and XI.

Naturally occurring cytokinins, a group of gs—substituted adenines and their deriv-
atives inducing cell division in certain plant tissue cultures, comprise trang-
zeatin (Ia} which is often referred to as zeatin, cis-zeatan (Ib), and their 9-B8-
D-ribofuranosides (ITa and IIb).1 The recent isclation of (1'R)-1'-methylzeatin
(IHa)2 and its Y9-f-b-ribofuranoside (IVa)3 from the culture filtrate of Pseudomonas

syringae pv. savastanoi and the establishment of their structures by synthesis4
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brought an addition of two new members to this group. The occurrence of both the
cis and trans isomers in the zeatin series suggests that the cis isomers of ITTa and
IVa may also occur in nature, and the availability of synthetic samples would great-
ly facilitate the search for these cis isomers as natural progucts. This led us to
synthesize (1'R)-1'-methyl-cis-zeatin (IIb) and (1"R)-1"-methyl-cis-zeatin 9-f-D-
ribofuranoside (IVb) in the present study.

The synthetic route started with N-(tert-butoxycarbonyl)-D-alanine methyl ester
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(VII),5 which was prepared from D-alanine (V} through VI6 according to the previous-
ly reported procedure., Conversion of VI into the (+)-aldehyde IX [66% yield; [u]g2
+35.2° (c 1.00, MeOH)T] was effected by diiscbutylaluminum hydride (DIBAH) reduction
(CH2C12—hexane, —78°C, 1 h}, a method known to reduce N-alkoxycarbonyl a-amino acid
esters to the corresponding aldehydes without accompanying racemization.8 The (+)~-
aldehyde IX was then subjected to the Still-Gennari modification9 {(CFBCH2O)2P(O)CH—
(Me)COZMe, KN(SiMeB)z, 18-crown~6/MeCN, tetrahydrofuran, —78°C, 30 min! of the Hor-

ner—Emmons reaction, affording a 99:1 mixture10 of the (Z)-isomer VIII and its (E) -

isomer4 in 68% vield, from which VIII [mp 54-54.5°C; [ot]g2 —-71.7° (¢ 1.03, MeOH]]11

was 1s0lated in 61% yield by recrystallization (from hexane). The assigmment of ge-

ometry in VI was based on the facts that it was the major isomer formed? and that

its colefinic proton [§ 5.80 (dg, J = 8.5 and 1.5 Hz)] rescnated in CDCl3 at higher
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field than that [& 6.53 (dg, J = 8.5 and 1.5 Hz)1? of the (E)-isomer.
Reduction of the (-)-(2Z)-ester VII with DIBAH (CH2C12—hexane, —78°C, 45 min) gave

the {—)-allylic alcohol X [92% yield; mp 67.5°C; [a)2? -3.3° (g 1.00, MeOH)], which

was then hydrolyzed with 10% aqueous HCl (room temp., 1 h). The resulting amino
alcohol hydrochloride was first treated with Amberlite IRA-402 (HC03_), and the
free base that formed was converted into the (-)-oxalate XI [88% yield from X; mp

23

199-199.5°C {dec.); ([al,” —10.1° {c 0.458, MeOH)] by treating it with oxalic acid

in EtOH.

Condensation of XI with 6~-chloropurine in beoiling 1-butanol containing Et,N for 3.5

h furnished (1'R}-1'-methyl-cis-zeatin (IIb} [mp 182-183.5°C; [aigz —128° (c 0.117,

5 18

EtOH); cd (¢ 5.93 x 1077 M, MeOH) [&} (nm}: —26100 (272) (neg. max.), +57700

{215) (pcs. max.)] in 75% yield. A similar condensation of XI with 6-chloro-9-8-D-

ribofuranosylpurinel2 produced the target riboside IVb [mp 206.5-207.5°C; [a]§3
—131° (c-0.156, MeOH); cd {c 3.46 x 10_5 M, MeOH) [SlIB —29500 (275) (neg. max.),

+54300 (218) {pos. max.)] in 96% yield.

In summary, the cis isomers (IIb and IVb) of the recently isclated cytokinins Iila
and IVa are now available by the seven-step syntheses described above. It 1s known
that the trans forms (Ia and IIa) in the zeatin series are more active than the cor-
responding cis forms {(Ib and IOb} in the standard tobacco callus bioassay for cyto-

1b,13 A comparative study of the cytckinin activities of both geo-

kinin activity.
metrical isomers of (1'R)-1'-methylzeatin at the aglycone (IIIa,b) and the glycoside
(IVa,b) levels will be made by Prof. $§. Matsubara at Kyoto Prefectural Universaty

in order to check the validity of such trans—cis activity relationship.

ACKNOWLEDGMENT
Financial support provided by the Japan Research Foundation for Optically Active

Compounds is deeply appreciated.

REFERENCES

1. For reviews, see (a) K. Koshimizu and H. Iwamura, Nippon Nogeikagaku Kaishi,

1978, E%, R49; (b) §. Matsubara, Phytochemistry, 1980, %g, 2239%; (¢) D. 5.

Letham and L. M. S. Palni, Ann. Rev. Plant Physiol., 1983, 34, 163.
Ay
2, A. Bvidente, G. Surico, N. S. Iacobellis, and G. Randazzo, Phytochemistry, 1986,

25, 525,
i

— 2079 —




3.

10,

11.

12,

13.

G. Surice, A, Evidente, N. 5. Iacobellis, and G. Randazzo, Phytochemistry,
1985, 24, 1499,
¥l

T. Iitaya, T. Fujii, A, Evidente, G. Randazzo, G. Surico, and N. §. Iacobellis,

Tetrahedron Lett., 1986, %z, 6349,

{a) D. 8. Tarbell, ¥, Yamamoto, and B. M. Pope, Proc. Natl. Acad. Sci. U, S.

A., 1972, gg, 7390; (b) N. J. Miles, P. G. Sammes, P. D, Kennewell, and R.

Westwood, J. Chem. Soc., Perkin Trans. 1, 1985, 2299.

(a) M, Brenner and W, Huber, Helv. Chim. Acta, 1953, %2, 1109; (b) M. Zaoral,

J. Kolc, F. Korenczki, V. P. Cerndckij, and F. Sorm, Collect. Czech. Chem.

Commun., 1967, 32, 843 (Chem. Abstr., 1967, 66, 86016g).
- My —_ Ly

Lit.4 [ot]Il)8 +35.2° {c 1.00, MeOH).

{a) G. Stork and E. Nakamura, J. Am. Chem., Scc., 1983, %2%, 5510; (b)Y T. Mori-
wake, S. Hamano, D. Miki, 5. Saito, and S. Torii, Chem. Lett., 1986, B815; (c)
T. Shono and N. Kise, ibad., 1987, 697.

W. C. 5till and C. Gennari, Tetrahedron Lett., 1983, %é, 4405,

Determined by high-performance liquid chromatographic analysis [Waters ALC/GPC
204 liguid chromatograph, Hibar column LiChrosorb Si 60 (5 um}, hexane—AcOEt
(7:1, v/v), 470 p.s.i., 0.8 ml/min],

The assigned structures of all new compounds were supported by elemental anal-
yses and satisfactory spectral data.

J. Zemlitka and F. Sorm, Collect. Czech. Chem, Commun., 1965, %Q, 1880.

{a) N. J. Leonard, A, J. Playtis, F. Skoog, and R. Y. Schmitz, J. Am. Chem.
Soc., 1971, 22, 3056; (b) B, J. Vreman, R. Y, Schmitz, F. Skoog, A. J. Playtis,
C. R. Frihart, and N. J. Lecnard, Phytochemistry, 1974, %3, 31; (¢) E. Scar-
brough, D. J. Armstrong, F. Skoog, C. R. Frihart, and N. J. Leonard, Proc.

Natl. Acad, S8ci. U. 8. A., 1973, zg, 3825.

Received, 16th May, 1988

— 2080 —




