HETEROCYCLES, Vol. 4, Ne. 6, 1976

Syntheslis of a Cytokinin Metabolite

James D. McChesneyﬂ and Russell Buchman

Department of Medicinal Chemistry

University of Kansas, Lawrence, Kangag 66045

A number of plant tissues convert approximately
20-25% of the cytokinin, 6-benzylaminopurine, into a
stable, long-lived derivative previcusly identified
tentatively as T-gluccfurancsyl-5-benzylamincpurine.
This substance has been synthesized by an unambigucus
route and shown not to be ddentical with the long-
lived metabolite. Synthesis and comparison of 7-8-
glucopyrancsyl-b-benzylaminopurine with the metabolite
proves that to be the structure of the metabolite

instead.

Previous reports from this laboratory'’? have described the
short term metabolism of the cytokinin, &-benzylaminopurine (BA)
in a number of tissues. It was shown that within 2 hr BA is
partially converted to its ribonucleoside (BAR) and its 5' ribo-
nucleotide (BAMP). At about 4 hr a new substance appears and
continues to increase in amount so that by 48 hr it accounts for

more than 20% of the BA taken up by the tissue. Once having

%#To whom correspondence should be directed
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reached this level, the substance is remarkably stable, persisting
in the tissue for up to 60 days, while BA, BAR and BAMP rapidly
disappear, largely by cleavage of the benzyl side chain. 8ince
the tissue continues to grow long after there 1s any detectable
BA, BAR, or BAMP, it cccurred to us that the stable metabelite
might be a protected or active form of the cytokinin. The
potential importance of such a substance led to its isolation

and tentative identification as 7-glucofurancsyl-t-benzylamino-
purine.® The unusual nature of the proposed metabolite structure
required an unambliguous structure identification. We report herein
the synthesis of both the 7-B—glucofuranosyl—6—benzylaminopufine
and the demonstration that the metabolite is, in fact, 7-B-gluco-
pyranosyl-6-benzylaminopurine.

Three approaches to the synthesis of 7-glycosgyl adenine deri-
vatives were explored. The first involved attempted direct conden-
sation of the purine chloromercuri derivative with a suitably protected
sugar halide by the method of Daveoll and Lowy®. The yield of
7-substituted-6-benzylaminopurine formed in this way was quite low
while the 3 and 9 substituted glycosides predominateds- An
alternative method for preparation of 7-substitured purines in
relatively high yields makes use of a pyrimidinyl formamide®.
However, attempted base catalyzed condensaticn of a suitably
substituted pyrimidinyl formamide with varicus sugar halides

failed in all cases. Apparently the bulky protected sugar moiety
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is not a suitable alkylating agent in this case. A third (and in
our hands quite succesgssful) method is that of Townsend and co-
workers”. That approach involves formation of a suitable purine
precursor having the nucleoside bond formed at position 7 early

in the sequence.

Preparation of the glucosyl precursors:

The successful preparation of the required glucofuranosyl
precurser, 1,2,3,5,6-penta-0-acetyl-D-glucofurancside (5), was
patterned éfter the procedure of Wolfrom® and resulted in an over-
all yield of 31%. The sequence is outlined in Scheme 1 (all
intermediates gave satisfactory analyses, spectral properties

and melting points).
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Preparation of 1,2,3,4,6-penta-D-acetyl-p-D glucopyrancside (6)was
accomplished in 53% yield by refluxing D-glucose in acetic anhydride-
131-132°% Lit.® 132°7,

sodium acetate for 20 min® [m.p.

Preparation gi_the purine precursor.

The required U-bromo-5-nitroimidazole (7) was prepared in 68%

oversll yield by the method used by Balaban and Pyman

272°% 1it.*° 279°].

10

[m.p. 271~

Glycoside formation and elaboration of 7-glucosyl-6-benzylamino-

purines.

The formation of the intermediate imidazole glucoside (8 or 9)

by the fusion method of Townsend and co-workers’

vielding.

However, the method of Ishido et.

al.

was very low

employing sulfamic

acid in nitromefthane was found to be satisfactory, vielding fronm

25-40% of the desired substituted imidazole glucoside (8 or 9).

{See Scheme 2).

( NO NH2 SO3H
+ glu(OAc) CH VO

B Br 5 or §

z
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e ( Z’“{ ——

glu(OAc)

12=glucofurancside
13=glucopyranoside

( I \70 KCN
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( 2 CH OH/A
CN
lu (OAc)
Scheme 2
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When (8) or (9) was treated with XI and KCN in anhydrous DMF

at RT, the cyanonitrcimidazole glucoside tetraacetate was formed

in T4%yield for the glucopyranoside (1l){analysis, m.p. 158-160°,
i.r. (KBr) 2260 cm * (CzN)] and glucofuranoside (10) [analysis,
gyrup, i.r. (KBr) 2250 em * (CEN)J], Catalytic reduction over

10% palladium on charcoal at 50 psi readlly afforded the amino-
cyanoimidazole glucoside tetraacetates [glucopyranoside, (13) 90%
yield, analysis, m.p. 186-87°, i.r. {(KBr) 3380, 3460 cm™ ' (NH.),
2200 e¢m * (C=N); glucofuranoside (12), 96%, syrup, i.r. (KBr) 3380,
3470 em™* (NH.)]. 'The aminocyanoimidazole glucoside tetraacetates
were condensed with diethoxymethylacetate at reflux for 2-4 hr,
the excess diethoxymethylacetate removed in vacuo and the regd
syrupy residue dissolved in anhydrous methanol containing a 10
melar excess of bengylamine and refluxed for 15-24 hr. In the case
of the glucopyranoside, the methanol solution, upon cooling
afforded a solid precipitate which was filtered and recrystallized
(Hz0) %o afford (55%) T-glucopyranosyl-t-benzylaminopurine (15).
[m.p. 298-299°, analysis, pmr § {(DMSO ds) 8.28, 8.24 (1 H each, &,
C2H and CeH purine, 7.81 (1 H, br.s, NH), 7.30 (5 H-m-ArH), eims,
n® - 387, w.v. (H20) pH 1, X

273, = 8,600, pH 11, A 272,

max max

e = 8,300.] The glycoside linkage was assigned as B based upcn.the
chemical shift or the anomeric carbon signal (CMR) at 87.0 (relative
to dioxane) which correspeonds to those reported.'?® In the case

of the glucofuranoside (;&), no precipitate formed upon ccoling.

The solvent and excess benzylamine were removed in vacuc to yield

a syrupy residue. The residue was chromatographed (silica gel,
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ethylacetate-methanol, 3:1) to afford a homogencus pale yellow
amorphous solid {U40% yield). [Pmr & {(CH-OH d,) 8.33, 8.25 (1 H
each, §, C.H and CsHE purine), 7.28 (5 H-m- ArH), 5.28 (1H, bs, NH),
eims, M® = 387, w.v. (H.0) pH 1 A_, 281, € = 7,2005 pH 7 A 273,
e = §,700, pH 11 Amax 272, £ = 8,700.]1 The glycoside linkage was
assigned as B based upon the chemical shift (91.9 relative to

dioxane) of the anomeric carbon signal in its CMR spectrum.

Comparison of Metabolite and Synthetic 7-glucosides.

The chromatographic behavicr of the two synthetic 7-B-gluccsides
was examihed employing HPLC. The system chesen was reverse phase
chromatography. Waters Associates Model USK injector, Model 6000A
pump, Model 449 U.V. detector, 30 em x 4;0 mm ID C,s u bondapak
column, 15% CHRCN in H,0; 3.0 ml/min as eluent. The glucc-
pyranoside (15) eluted in 10 ml (3.33 min) whereas the gluco-
furanoside (14) was retained until 17.5 ml (5.83 min). Co-
chromategraphy of radiolabelled metabolite,2?®2?® pollection of
fractions and determination of the position of radiolabel demonstrated
exact co-elution of the metabolite and 15. 1In addition, the
spectral properties of the metabolite and the glucopyranoside
correspond. A previous report'?® by MacLeod and cocworkers also
demonstrates the metabolite to be different from 7-f-gluco-
furanosyl-6-benzylamincpurine (14). The structure of the
metabolite is clearly established by these experiments. The
previously reported bilological activity of the metabelite® and
the lack of biological activity of the synthetic 7-glucopyranoside®

must now be reexamined.
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