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Abstract: Analogs of the cytokinins trans-zeatin and benzylaminopurine have been prepared by Heck
coupling on 6-vinylpurines or Sonogashira coupling on 6-halopurines as key-steps, and their cytokinin

PR memncad nemssith e smn A2 P Y|

activity has been evaluaied based on their ability o siimulaie increased growih in radish cotyledons. © 998
Elsevier Science Ltd, All rights reserved.

Cytokinins are plant horniones with a wide range of biological effects.! They promote cell division and
cell growth and they are involved in the retardation of senescence. The cytokinins found in nature are 6-
alkylaminopurines. Exampies of important cytokinins and anaiogs are shown in Fig. 1.
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Fig. 1

trans-Zeatin is probably the most potent naturally occurring cytokinin growth hormone.! The closely
related structure isopentenyladenine is also a widespread and active cytokinin! and high activity is found for
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benzylaminopurine? and the ortho and meta isomers of topolin? as well. These latter compounds are, however,
less frequently detected in plant material. A great number of adenine derivatives have been synthesized and
tested for phytohormonal activity. Maybe the most prominent example of a synthetic cytokinin is kinetin,
which was the first plant growth stimulating purine ever discovered.*

Among the purine derivatives screened for cytokinin properties, high activity is reported for trans-6-
styryipurine>-7 and the saturated analog,3-% demonstrating that the amino group is not essential for the
promotmn of all kinds of cytokinin effects. The spatial arrangement of the side chain appears to be important;
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Metabohsm of zeatin and isopentenyladenine involves cytokinin oxidase promoted cleavage of the side
chain and adenine, which exhibits practically no phytohormone activity, is irreversibly formed.!>® Also
benzylaminopurine and analogs are metabolized to adenine, but the enzyme system responsible for this
conversion is less understood.2 Compounds like trans-styrylpurine are not likely to be substrates for cytokinin
oxidase or related enzymes, and-hence this class of purine derivatives may exhibit a prolonged cytokinin action.

Studies of biological properties of conformationally restricted 6-alkenyl- or 6-alkynylpurines, may reveal
important information about receptors responsible for cytokinin action. The difference in activity between
trans styryipurine and the saturated anaiog compared to cis—styryipurine and the corresponding aikyne, strongiy
indicate that the orientation around the NH-CHj bond in "active conformations"” of adenine cytokinins are close
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readlly avallable trom Stllle couphngs with the orrespondm loropurmcs However, this method requires
easy access to geometrically pure trans-alkenyltin reagents. Retention of alkenylstannane double bond
stereochemistry is preferred in Stille reactions,!? and couplings with a mixture of cis- and frans-alkenylstannane
gives isomeric mixtures of alkenylpurines.!4 In two recent papers, we reported on the versatility of 6-
vinylpurines as intermediates in syntheses of various purine derivatives.!> As we continue to explore the
reactivity of vinylpurines, we herein describe Heck coupling!® between 6-vinylpurines and aryl iodides to give
trans-6-arylalkenylpurines, compounds which may be regarded as analogs of 6-benzylaminopurine
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burmermore, we report the first trans-zeatin analogs where the NH group has been replaced by sp- or sp?

y ridized carbon.

Pd-Catalyzed coupling between the N-9 THP-protected 6-chloropurine 1 and ethenyl(tributyl)tin afforded

thoe A.vinvinnrine 2 (Qehame 1) An N_Q nraterting aronn wad remired  Fven thanoh N_Q nrr\ tectinn hv
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acetylauo.n. m,.y be beneficial in Sonogashira type couplings of 6-chloropurines,!” we hav shown that 6-

chloropurine it self readily participate in Stille coupling with a variety of organotin reagents. Also

unpmwcmd 6 -chloropurine appeared to react with the vinyltin reagent, but all attempts to isolate the desired
product failed. Compound 2 is prone to decomposition upon extensive drying under high vacuum or upon
storage, and in the couplings described below, we therefore used freshly prepared vinylpurine, and the yields of
the Heck reaction products 3 are calculated from the chloropurine 1. The THP-protecting group used in this
work was not only chosen becausc it is easily introduced into the purine 9-position!® and readily removed
under acidic conditions,!? also 9-THP protected purines have been associated with cytokinin activity. In some

bio assays the THP- protected compounds were even more active than the parent purme with free NH function
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bromide. However, as we previously have noted,12Y this zinc reagent required the more reactive THP-protected
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chloronurine 1 or the corresnonding 6-iodonurine, showed no reactivity towards vinvl acetate even at high

hloropurine 1 or the corresponding 6-iodopurine, showed no reactivity towards vinyl acetate even at hig
reaction temperatures.

The vinylpurine 2 was subjected to Heck coupling with aryl iodides, and the THP-protecting groups in
the products 3 were easily cleaved under acidic conditions!® to give compounds 4 (Scheme 1, Table 1). As
secen from Table 1, both aryl- and heteroaryl iodides participated in the Heck reaction to afford the
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alkenylpurines 3 in good yields, calculated from the chloropurine 1. We obtained better results when Pd(OAc),
alone was employed as catalyst compared with catalysts containing phosphine ligands like triphenylphosphine.
Reduced yields in Heck reactions in the presence of phosphine ligands have also been noted by others.??

A,r .A_r
~ Arl
CH,=CHSnBu;, F (i-Pr),NEt
(PhsP),PdCl, A\ N Pd(OAc)2 HCl@ag)
o | ‘)
l§ N DCE, A - gN N g TEOH I\
THP 2 THP 3 THP
Scheme 1
Table 1. Synthesis of trans 6-Alkenylpurines 3 and 4.
Eniry Ar1 Time (h) Temp. (*C)* | Yield (%) 3bc | Yield (%) 4>
I
} 4\\ />_[ g 5 N 67, 32 91, 43
2 A=\ /7! 20 75 82,3b 71,4b

3 CH30_®“ 20 55 74, 3¢ 86, 4c

44 \__/( 19 80 52,3d

77, 4d
OH

7\

5 LA 24 60 72, 3¢ 97, 4
‘ —\

6 S A1 4.5 75 52, 3f 77, 4f
/ \

7 I 35 75 60, 3g 82, 4g

(a) Synthesis of compounds 3; (b) Yield of isolated product; (c) Yield of two step conversion starting with the chloropurine 1; (d)
The phenol was protected as TMS-ether during the reaction, and the protecting group was cleaved during work up.

As expected, the couplings were highly stereoselective. In all cases examined, the trans alkenes were
formed exclusively as judged by the 'H NMR spectra of the crude products. However, the coupling with the

reactive aryl halide 4-iodoanisol (Table 1, Entry 3) demanded only a small excess aryl halide in order to avoid a
second coupling and the formation of the corresponding 2',2'-diarylethenylpurine. The 6-alkenylpurines 3 and
4 were tested for cytokinin effect and several compounds exhibited high activities (vide infra).

Two routes to the trans-zeatin analog 11 starting with the readily available (E)-vinyl iodide 523 were
evaluated (Scheme 2). The acid 5 was converted to the methyl ester 6, which readily participated in Heck
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coupling with the vinylpurine 2 to give compound 7 and the deprotected (E,E)-dienylpurine 8 were formed
after cleavage of the THP protecting group. However, when selective reduction of the ester 7 to compound 10
was attempted, partial reduction of the carbon-carbon double bonds took place and a complex mixture of
products were formed. Instead, the acid § was cleanly reduced to the hydroxymethyl compound 9 as described
in the literature,? and Heck coupling of 9 with the vinylpurine 2 followed by deprotection resulted in the
desired zeatin analog 11.
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Scheme 2

In order to evaluate the importance of the spatial arrangement of the C-6 substituent for cytokinin activity
in the zeatin SCHGS we needed analogs of compouna i1 Wl[l’l acis doubie bond or a mple bond as the umcage
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key-step (Scheme 3). Compound 9 was transformed to the enynes 13,2425 and the enynes were coupled with
purines 12 to give compounds 14 with various degree of OH- and NH-protection.

_OR,
14a: R=R,=

I
(PPha)PdCl,, 14b: R=R,=THP
N‘\"N \_/OR2 base, Cul lr 14c: R=H, R,=THP
NN

idd: R;=H, R,=TBS

L\NJL‘) A DMF

15‘ 13a: RN{=1VM15, ’Ny=11 N 7
12a: R=H 13b: R;=H, R,=THP k )\N
12b: R=THP  13c: R;=H, R,=TBS R

Temp. (°C) Time (h) Base Co-Reagent Yield (%) 14

60 6 (i-Pr);NEt MeyNF 63, 14a
65 14 (i-Pr);NEt — 82, 14b
65 24 EtsN —_— 75, 14¢
75 6.5 (i-Pr);NEt —_ 80, 14d

Scheme 3



Co
[}
—

Hydrogenation of 6-alkynylpurines to both (E)-2¢ and (Z)-alkenes?? have been reported and the alkynes
14 were subjected to catalytic hydrogenation employing the Lindlar catalyst (Pd on CaCO3 poisoned with Pb)
together with quinoline,?8 essentially as previously reported for selective syn hydrogenation of other
alkynylpurines,?? and the results are summarized in Scheme 4.
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Hydrogenation of the unprotected alkyne 14a gave the desired diene 15 together with ca. 25 % of the
trans isomer 11 as an inseparable mixture. On the other hand, when the same set of reaction conditions was
applied to the fully protected alkyne 14b, the reduction proceeded rapidly to the completely reduced compound
17 which could be isolated in a high yield. No dienes or monoenes were observed at all. High Z selectivity
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The evaluation of cytokinin activity for the purines descrlbed here1 were hased on their ability to
stimulate growth in radish cotyledons. The growth effect were measured as increase in weight of the
cotyledons after 72 hours relative to a control sample, and the results for the benzylaminopurine analogs 3 and
4 are given as % of the increase obtained with benzylaminopurine (Table 2.) Also kinetin is included for
comparison. Table 3 displays the results for the zeatin analogs. Many of the 6-(arylalkenyl)purines 3 and 4
exhibits cytokinin activity not far from benzylaminopurine in the bioassay chosen. Especially the thienyl
derivatives 3e 3f an 4f were found to be potent growth stimulators. N-Alkylation in the purine ring generally
veral of the 9-THP purines 3 examined stimulated cotyledon growth, some
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Table 2. Cytokinin Activity of Kinetin- and Benzylaminopurine analogs relative to BAP.

Compound % Weight Increase Compound % Weight Increase
Relative to BAP2 Relative to BAP?
ame NI r am— NI
NI 1: ﬁ NI, l“
= \_Q 100 = 10
HN_ N THP-N _N )
HO
Benzylaminopurine 3d
(BAP)
TR
‘..”_ Pi\ ﬂ .."- A\Y
N Y N %\
= ] 88 = ) 17e
HN_ N o~ HN_ N ) o
HO
Kinetin 4d
N 7N
N ' ‘)—\\\ =\ N Y \ 2~
THP-N _N THP-N _N S
3a 3e
W 2R
N Y N ®
=) 68 {\ 34
HN N HN_, N s
N ~
4a de
N N
Y={ A ¢ 68P Y=( L. 85
THP-N N THP-N _N
3b 3f
N Vs
Nr \\_\ —, d N’ ‘H\ §
y=( ‘—<\ /)‘ C1 =G . ‘H—‘ ' "—<\—‘ S 95
HN__N NN
4b af
i N i~ N
N\ /~\ s No P\ o~ ne
y=( \ /)~ CcCH 56 = €] 26
THP-N_, N THP-N N 0
~
3c 3
7N N
N Y N
—{ \ OCH; -d < \ i 58
HN__N HN N o
4c 4g

(a) Comparison of weight gain between radish cotyledon grown in 0 uM and 100 uM purme solution, the results are given as % of the
weight increase obtained with BAP; (b) 50 uM solution; (c) Low solubility of the compounds in the test medium, may be
responsible for the low activity; (d) Weight retardation was observed.
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In the zeatin series, we found the compounds with a free NH-function in the imidazole part quite able to
increase growth in radish cotyledons (Table 3). Compounds 14a and 18 exhibited an even greater effect than
trans-zeatin. In contrast to what has previously been found for the benzylaminopurine analogs cis- and trans-6-
styrylpurine and phenylethynylpurine3-8 (vide supra), both the alkyne 14a and the (Z,E)-diene 15, as well as the
saturated analog 18, were all slightly more active than the (E, E)-diene 11, Furthermore, a THP-substituent in
the 9-position markedly reduces the cytokinin activity for all the zeatin analogs examined.

Table 3. Cytokinin Activity of rrans-Zeatin and Analogs
Compound % Weight Increase Compound % Weight Increase
Relative to BAP? Relative to BAP2
AN Hu N
N~ BN N 9y
= Y 82 = \—\ 6
HN__N > THP -N N Yy-CO,Me
~& ’ ‘OH > ) Bt
trans-Zeatin 7
N L\ \ N 3 \
= 31 == 61
THP-N_N Y HN N COMe
> [ on ~ /
10 8
7N N
N P —
=\ 7 = 3 89
HN __N \ Y HN__N OH
hd I oH ~
ii 14a
&N 7N
- , < )=‘)—= N 47
THP-N _N »—\ THP-N _N /" orH)
{  OTHP
17 14b
&N N,
N v N D
= o1 NIDAR 82b
HN__N h HN__N
s OH hd i
18 N 1=
&) 13

(a) Comparison of weight gain between radish cotyledon grown in 0 uM and 100 uM purine solution, the results are given as % of the
weight increase obtained with BAP; (b) Z/E; (3:1); (c) Weight retardation was observed.

'nsh‘nment_ Thp 13 N\MR

ded ! less otherwise stated, the
spectra are recorded at ambient temperature. Chem1ca1 shifts (8\ are given in ppm downfield from
tetramethylsilane. IR spectra were recorded with a Perkin-Elmer 1310 Infrared Spectrophotometer. Mass
spectra were recorded with a VG Prospec instrument at 70 eV ionizing voltage unless otherwise stated, and are

presented as m/z (% rel. int.). Elemental analyses were performed by Ilse Beetz Mikroanalytisches
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Laboratorium, Kronach, Germany. Melting points are uncorrected. Silica gel for flash chromatography was
purchased from Merck, Darmstadt, Germany (Merck No. 9385) or Fluka, Buchs, Switzerland (Fluka No.
60752) and the Lindlar catalyst was purchased from Fluka, Buchs, Switzerland (Fluka No. 62145). DCE,
CH,Cl,, DMF, pyrrolidine, diisopropylethylamine and triethylamine were distilled from CaH,, and THF from
Na/benzophenone. Tetramethylammonium fluoride trihydrate was dried by azeotropic distillation with abs.

EtOH. 6-Chioro-9-(tetrahydro-2H-pyran-2-yi)-9H-purine, 8 2-iodothiophene,?? 3-iodothiophene,3% 2-

iodofuran,3!  (E)-3-iodo-2-metylpropen-oic acid? (F)-3-iodo-2-methyl-2-propen-1-0l,23  (£)-2-methyl-5-
(trimathulaily Y mantan A un_1_~1 24 (I D smathidimant D am A s 1. ~1 24 £ in Ao TEF svaarina 32 & ioada_Q
LT UL YIS Y1 )47 Peaile i+ yii- 1 -U1, L)<~ HHICUL Y1 PCII-L-Cl -4 Y 1i- 1 -V, V-IVUU- L1 I-PUlilc, V-1VJU-ZF
(tetrahvdro-2H-nvran_ 2 v QH.nrine 18 and ( I\ _meothvul_ 1 _{ftotrmhudra?) Eonvuran.Y_vnvyvis) cnenton.A_vne 25
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were prepared according to literature procedures. All other reagents were commercially available and used as
received.

6-Lthenyl-9-(tetrahydro-2H-pyran-2-yl)-9H-purine (2). A mixture of 6-chloro-9-(tetrahydro-2 H-pyran-2-yl) -
9H-purine 1 (239 mg, 1.0 mmol), bis(triphenylphosphine)palladium(ll) chloride (35 mg, 0.05 mmol) and
ethenyl(tributyl)tin (0.35 ml, 1.2 mmol) in dichloroethane (12 ml) was heated at reflux under N; for 5.5 h and
cooled. The reaction mixture was evaporated in vacuo and a saturated solution of potassium fluoride in
methanol (20 ml) added to the residue. The resulting mixture was stirred at ambient temperature for 2-3 h and
cvaporated in vacuo together with a small amount of silica gel. The residue was added on top of a silica gel
column and the product was isolated by flash chromatography eluting with EtOAc/hexane 2:1; yellow oil used
directly in Heck couplings. 1H NMR (CDCl;, 300 MHz): & 8.87 (s, 1 H, H-2), 8.24 (s, 1 H, H-8), 7.26 (dd, J
17.5 and 11.0 Hz, 1 H, CH=), 6.98 (dd, J 17.5 and 1.5 Hz, 1 H, CH,=), 5.91 (dd, J 11.0 and 1.5 Hz, 1 H,
CH»=),5.75(dd, J 10.0 and 3.0 Hz, 1 H, H-2 in THP), 4.2-4.1 (m, 1 H, H-6 in THP), 3.7 (m, 1 H, H-6 in THP),
2.1-20 (m, 3 H, H4 and H-3 in THP), 1.7-1.8 (m, 3 H, H-4 and H-5 in THP). 13C NMR (C¢Ds, 75 MHz): &
153.8 (C-6), 152.8 (C-2), 151.9 (C-4), 142.5 (C-8), 133.1 (CH=), 131.8 (C-5), 126.1 (=CH,), 82.0 (C-2 in
THP), 68.3 (C-6 in THP), 31.4 (C-3 in THP), 24.9 (C-5 in THP), 22.6 (C-4 in THP). MS (EI, 15 ¢V): 230
(100, M), 203 (9), 202 (63), 201 (6), 148 (9), 147 (81), 146 (6), 134 (5), 85 (25), 84 (23). Hrms (25 eV):
Found 230.1167, C1,H;4N4O requires 230.1168.

v .

ydro-2H-pyran-2-yl)-9H-purine 2 and aryl
<7 - £,

diisopropvlethvlamine (510 ul. 3.0 mmol) o mixture was heated at the temnperatures and for the

propylethy ( ul, imol). sulting mixture was heated at the temperatures and for the
times given in Table 1. After cooling, saturated aqueous NH4Cl (15 ml) was added and the mixture was
extracted with EtOAc (3 x25 ml), dried (Na;SOy) and evaporated in vacuo. The product was isolated after flash

(E)-6-(2-Phenylethenyl)-9-(tetrahydro-2H-pyran-2-yl)-9H -purine (3a). Yield 206 mg (67 %) pale yellow
powdery crystals. M.p. 129-131 °C. (Found: C, 70.45; H, 5.85. Calc. for C;gH1gN40: C, 70.57; H, 5.92 %).
'H NMR (CDCl3, 300 MHz): 6 8.90 (s, 1 H, H-2), 8.39(d, J 16.0 Hz, 1 H, CH=), 8.27 (s, 1 H, H-8), 7.7 (m, 3
H, Ph and CH=), 7.4-7.3 (m, 3 H, Ph), 5.79 (dd, J 10.0 and 3.0 Hz, 1 H, H-2 in THP), 4.2 (m, 1 H, H-6 in
THP), 3.8 (m, 1 H, H-6 in THP), 2.1-2.0 (m, 3 H, H-4 and H-3 in THP), 1.8-1.7 (m, 3 H, H-4 and H-5 in THP).
13C NMR (CDCl3, 50 MHz): 6 153.7 (C-6), 152.3 (C-2), 151.0 (C-4), 141.8 (C-8), 139.8 (CH=), 136.0 (C in
Ph), 131.0 (C-5), 129.4, 1287 and 127.8 (CH in Ph), 122.1 (CH=), 81.8 (C-2 in THP), 69.7 (C-6 in THP), 31.7
(C-3 in THP), 24.8 (C-5 in THP), 22.7 (C-4 in THP). IR (KBr): vmax 3070, 3020, 2990, 2930, 2840, 1620,
1570 cm-1. MS (EI): 306 (10, M*), 222 (39), 221 (100), 85 (5), 84 (10).
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(E)-6-[2-(4-Chlorophenyl)ethenyl ]-9-(tetrahydro-2H-pyran-2-yl)-9H-purine (3b). 6-Ethenyl-9-(tetrahydro-2H-
pyran-2-yl)-OH-purine 2, freshly prepared from 1.0 mmol 6-chloro-9-(tetrahydro-2H-pyran-2-yl)-9H-purine 1,
and 1-chloro-4-iodobenzene (286 mg, 1.2 mmol) was subjected to Heck coupling as described above. Yield
281 mg (82 %) pale yellow powdery crystals. M.p. 178-180 °C. (Found: C, 63.31; H, 5.08. Calc. for
C18H17CIN4O: C, 63.44; H, 5.03 %). 'H NMR (CDCl3, 300 MHz): 6 8.88 (s, 1 H, H-2), 8.30 (d, J 16.0Hz, 1
H, CH=), 8.24 (s, 1 H, H-8), 7.64 (d, J 16.0 Hz, 1 H, CH=), 7.6 (m, 2 H, Ar), 7.3 (m, 2 H, Ar), 5.78 (dd, J9.5
and 4.0 Hz, 1 H, H-2 in THP), 4.2 (m, 1 H, H-6 in THP), 3.8 (m, 1 H, H-6 in THP), 2.1-2.0 (m, 3 H, H-4 and
H-3 in THP), 1.8-1.7 (m, 3 H, H-4 and H-5 in THP). 13C NMR (CDCl3, 75 MHz): & 153.3 (C-6), 152.3 (C-2),
151.1 (C-4), 141.9 (C-8), 138.2 (CH=), 135.0 and 134.5 (C in Ar), 131.0 (C-5), 128.9 (2xCH in Ar) 122.8
(CH=), 81.8 (C-2 in THP), 68.7 (C-6 in THP), 31.7 (C-3 in THP), 24.7 (C-5in THP), 22.7 (C-4 in THP). IR
(KBr): vmax 3100, 3020, 2910, 2840, 1620, 1570 cm-1. MS (EI): 341 (9, M+1), 340 (25, M*), 258 (22), 257
(45), 256 (57), 255 (100), 221 (9), 85 (25).

(E)-6-[2-(4-Methoxyphenyl)ethenyl ]-9-(tetrahydro-2H-pyran-2-yl)-9H-purine (3c). 6-Ethenyl-9-(tetrahydro-
2H-pyran-2-yl)-SH-purine 2, freshly prepared from 2.0 mmol 6-chloro-9-(tetrahydro-2H-pyran-2-yl)-9H- purme

e | N IACO._ & WY mm e 1Y . ___LA_;A._J s TT 13 AL

1, and 4-iodoanisol (468 mg, £.U mmoij was supjecied io Heck Coupnng as described above. Yield 456 mg (74
LY vallaw nawAsry arvugtala M 18Q_14£9 o (Erpsnd. M 2705 L1 S0 Mala rn..n I N M. £T7QA.
) YUWHUW PUWULLY Llydtald. VILP. 107-104 P, (rouid. ©, 0/, >0, 1, 2.0, vaiC. 10§ C1oI120iNg4\V2. L, U/ 04,
S Gy I NMR (ON1. 2N NMMITY. AQ QK fo 11T LI A Q2974 T14AN LI 1 LT MLI_\ A (o LT LI O\
11, Jo77 70y, "L INIVIN (a3, SUU avinaZ ). U6.00 (5, 1 111, IN-£), 0.0 (4, v 10U NZ, 1 11, LI=), 0.24 (8§, 11, 1r1-9)
7.6 (m, 2 H, Ar), 7.56 (d, J 16.0 Hz, 1 H, CH=), 6.9 (m, 2 H, Ar), 5.77 (dd, J 10.0 and 3.0 Hz, 1 H, H-2 in
THP), 42 (m, 1 H H-6inTHP) 381 (s, 3 H CH:) 38/m. | HAenTHMN 21.20m 2H HAand H.2in
B NEEEy L LRy 3RS RED LR AR g, UL Uy Rl Nddd ), U \HLLy L XL, B2V KL L AR Jy L ATLWS \BLE, 12, 11T AU 25T a0
THPY. 1.8-16(m 3 H-4and HSin THPY IBCNMR (('DCL, 7S MUY A 1N T (O Ain AT 184 1 (C.K)Y
VE) el \AAxy o a2 s A A ¥ LAAANA A R o/ A1k L ARl [: s 4 WAVIEN \\.aLI\:l:’, d o/ 1YIR ll‘l. W AI\INZad \\/ - 11 r\l’, 1. T. 1 \\_4 \I},
152.3 (C-2), 150.9 (C-4), 141 5 (C-8), 139.4 (CH=). 130.7 (C-5), 1204 (CH in Ar), 1288 (C-1in Ar). 1108
Y AN T y ATVALS R ) AT Ny ANV W T Jy LT (Nl LRI LML fy LAeiDWRT \NrT L RIK LML Jy LR TOT
(CH=), 114.2 (CH in Ar), 81.8 (C-2 in THP), 68.7 (C-6 in THP), 55.2 (CH30), 31.7 (C-3 in THP), 24.8 (C-5in
THP 777((‘-Am THPY. IR (KRr): v 20RN 200N D 202N IRIN 1870 1800 1870 18 arm-1 NMQ
a2 7y i A LAX S AAN \L‘Ul}- Vmax [UAV.S VY JUQ\I, _/L)\I, hIJ\l, M)A{U, IUJ-U, 1.1,7\1, 1.7 I\l, L. AN w1l - AVILY
(EI: 336 (63, MY, 33§(1m DRA(T17Y 253 (A 252 (10 2R (1A 210 /QY 20Q (IR INR (P 19K (17
A — NR T Jy loadad \( AN J g dmnlen \ AN [y b AT\ AN Jy w LT\ Jy et \S T il T [y bt "I \ st [y L silT \ Ll ]

(E)-6-[2-(2-Hydroxyphenyl)ethenyl |-9-(tetrahydro-2H-pyran-2-yl)-9H-purine (3d). A mixture of 2-iodophenol
(1.026 g, 4.55 mmol) N,N-dimethylaminopyridine (28 mg, 0.227 mmol), triethylamine (0.950 ml 6.82 mmol)
and chloro(trimethyl)silane (0.69 ml, 5.45 mmol) in dry CH,Cl, (15 ml) was stirred at ambient temperature
under N3 for 16 h. The reaction mixture was diluted with CH,Cl, (20 ml) and washed with water (2 x 20 ml)
and saturated aqueous NH4Cl (2x20 ml). The dried (MgSQ,) solution was evaporated to give 1.172 g (88 %)
of TMS-protected phenol. 'H NMR (CDCl3, 300 MHz): & 7.73 (dd, J8.0and 1.5Hz, 1 H, Ar), 7.18 (m, 1 H,
Ar), 6.81 (m, 1 H, Ar), 6.68 (m, 1 H, Ar), 0.30 (s, 9 H, SiMe3). 6-Ethenyl-9-(tetrahydro-2H-pyran-2-yl)-9H-
purine 2 and 2-iodo(trimethylsilyloxy)benzene was subjected to Heck coupling as described above. The cooled
reaction mixture was evaporated in vacuo and the residue was stirred with a 0.14 M solution of anhydrous
tetrabutylammonium fluoride in THF (12 ml) over night. Sat. aq. NH4CI (10 ml) and water (10 ml) was added
and the mixture was extracted with CHCl3 (3x30 ml). The combined organic extracts were washed with brine,
dried (NaySO4) and evaporated in vacuo. The product was isolated by flash chromatography on silica gel
eluting with EtOAc-hexane (3:1); yield 169 mg (52 %) yellow powdery crystals. M.p > 220 °C (dec.). (Found:
C, 66.89; H, 5.52. Calc. for C1gH1sN4O5: C, 67.07; H, 5.63 %). 'H NMR (CDCl3, 300 MHz): 8 9.22 (s, 1 H,
OH), 8.64 (s, 1 H, H-2), 8.48 (d, J 16.0 H 8.08 H, H-8), 7.56 (d, J 16.0 H
5

Nt

,8.48 (d, J 16.0 Hz, 1 H, CH=), B.08 (s, 1 H, H-8), 7.56 (d, J 16.0 Hz, 1 H, CH=), 7.43

11 =17 o omya 3

(dd,J7.5and 1.5Hz, 1 H, Ar), 6.93 (dt, J7.5and 1.5Hz, 1 H, Ar), 6.71 (dd, J 7.5 and 1.0 Hz, 1 H, Ar), 6.63
ft TT7TSH7z TH A\ S84+ TT7&E&Ms 1 LT LT A ien TLITY 2 0O fsan 1 LT LT £ oo TLIDY 2 s TLITN
\G o F. AL, 10, ALy, D00, v 7O T, L I, M- 0 1y, 5.7 (i, 1, n-0iil 1nrj, 5. Uuu, 1 n, H-6in 1nrj,
1.9-1.8 (m, 3 H, H-4 and H-3 in THP), 1.6-1.4 (m, 3 H, H-4 and H-5 in THP). 13C NMR (CDCl3/DMSO-dj,

S50 MHz): 8 1553 (C-2in AP 1827 (C-6) 1807 (CN 1407 (C_ A 141 1 /CR 1241 (CH=) 1702 17Q
Je N ReTfed (Rt AR SRR gy A wdhme F\NTNI Sy AT \Ne TR, AT 7 \RTET, AT OL \N T, BT L \NR By LTy 1 &7.0
(C-5/C-4in Ar) | 1266 (C-61in A, 121 6(C-1in AP, 1203 (CH=). 118 1 (C-5in Ar). 115.0(C-3in Ar). R0.3
J 3 A& RS MRS 2l AL Jy Ak BT (N A 4k1 l\l/, A b\ e \\,LA ,’ AL A1 \\.4 - 111 nl}, 1 1.7.\7 \\4 -7 111 1‘\1,, NS

(C-2 in THP), 67.1 (C-6 in THP), 29.6 (C-3 in THP), 23.4 (C-5in THP), 21.3(C-4in THP). IR (KBr): v

» 1K), 22.0 (C-21n 1RP), 23.4 (C-O1n THP), 21.53 (C-41n THP). IR (KBr): vpax

o
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3380, 3090, 3020, 2920, 2830, 1610, 1570 cm-l. MS (EI): 322 (0.3, M*), 238 (20), 237 (24), 236 (28), 222
(16), 221 (100), 220 (6), 84 (25), 83 (12).

(E)-6-12-(2-Thienyl )ethenyl ]-9-(tetrahydro-2H-pyran-2-yl)-9H-purine (3e). 6-Ethenyl-9-(tetrahydro-2H-pyran-
2-y)-9H-purine 2, was prepared from 6-chloro-9-(tetrahydro-2H-pyran-2-yl)-9H-purine 1 (0.8 mmol). Yield
179 mg (72 %) pale yellow powdery crystals. M.p. 165-168 °C. (Found: C, 61.19; H, 5.10. Calc. for
Ci6H16N408S: C, 61.55; H, 5.16 %). 'H NMR (CDCl3, 300 MHz): 6 8.87 (s, 1 H, H-2),8.51 (d, J16.0Hz, 1
H, CH=), 8.26 (s, 1 H, H-8), 7.47 (d, J 16.0 Hz, 1 H, CH=), 7.4-7.3 (m, 2 H, thienyl), 7.1-7.0 (m, 1 H, thienyl),
5779 (dd, J 10.0 and 3.0 Hz, 1 H, H-2 in THP), 4.2 (m, 1 H, H-6 in THP), 3.8 (m, 1 H, H-6 in THP), 2.1 (m, 3
H, H-3 and H-4 in THP), 1.8-1.6 (m, 3 H, H-4 and H-5 in THP). 13C NMR (CDClj3, 50 MHz): & 153.5 (C-6),
152.3 (C-2), 150.9 (C-4), 141.7 (C-8 and C-2 in thienyl), 132.6 (CH=), 130.8 (C-5), 129.7, 127.9 and 127.5
(CH 1n thienyl), 121.5 (CH=), 81.8 (C-2 in THP), 68.7 (C-6 in THP), 31.7 (C-3 in THP), 24.8 (C-5 in THP),

2 7 (C-4in THP). IR (KBr): vpax 3060, 3020, 2990, 2920, 2840, 1610, 1570, 1500 cm-1. MS (EI): 312 (11,
M*), 229 (13), 228 (55), 227 (100), 195 (5), 120 (11), 85(7), 81 (5).
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(E)-6-[2-(2-Furanyl)ethenyl]-9-(tetrahydro-2H-pyran-2-yl)-9H-purine (3g). Yield 177 mg (60 %) yellow

L LIV~ VL =D~ TJHTLILC \VV 707 Yell

powdery crystals. M.p. 116-118 °C. (Found: C, 64.75; H, 5.70. Calc. for C;gH;6N4O5: C, 64.85; H, 5.44 %).
IH NMR (CDCl3, 500 MHz): & 8.85 (s, 1 H, H-2), 825 (s, 1 H, H-8), 8.19 (d, J 16.0Hz, 1 H, CH=), 7.54 (d, J
16.0 Hz, 1 H, CH=), 7.48 (br s, 1 H, H-5 in furanyl), 6.64 (d, J 3.5 Hz, 1 H, H-3 in furanyl), 6.45 (dd, J 3.5 and
1.5Hz, 1 H, H-4 in furanyl), 5.76 (dd, J 10.0 and 2.5 Hz, 1 H, H-2 in THP), 4.2-4.1 (m, 1 H, H-6 in THP), 3.8-
3.7 (m, 1 H, H-6 in THP), 2.1-2.0 (m, 3 H, H-3 and H-4 in THP), 1.8-1.6 (m, 3 H, H-4 and H-5 in THP). 13C
NMR (CDCl3, 75 MHz): & 153.6 (C-6), 152.5 (C-2 in furanyl), 152.3 (C-2), 150.9 (C-4), 144.2 (C-5in
furanyl), 141.7 (C-8), 130.9 (C-5), 126.9 (CH=), 120.4 (CH=), 113.4 (C-3 in furanyl), 112.2 (C-4 in furanyl),
81.9 (C-2 in THP), 68.8 (C-6 in THP), 31.7 (C-3 in THP), 24.8 (C-5 in THP), 22.7 (C-4 in THP). IR (KBr):
vmax 3090, 3060, 3020, 2910, 2830, 1615, 1575, 1560 cm-t, MS (EI): 296 (9, M*), 213 (12), 212 (74), 184

(40), 183 (18), 171 (27), 159 (11), 158 (100), 149 (10), 84 (22).

Sy

(E)-6-(2-Phenylethenyl)-1H-purine (4a). A mixture of (£)-6-(2-phenylethenyl)-9-(tetrahydro-2 H-pyran-2-yl)-
9H-purine 3a (168 mg, 0.55 mmol), CH,Cl, (1.5 ml), 96% EtOH (18 ml) and 1 M HCI (12 ml) was stirred at
ambient temperature for 4 h and neutralized by addition of solid KHCOs;. The resulting mixture was
evaporated in vacuo and the product was isolated by flash chromatography on silica gel eluting with CHCl3
followed by MeOH-CHClI3 (2:98); yield 111 mg (91 %) colourless powdery crystals. M.p. 252-254 oC (Lit.>

BVl -2 T e Trry P T ey

250-251 ¢C). *H NMR (DMSO-dg, 500 MHz): 6 13.50 (brs, 1 H, NH), 8.85 (s, 1 H, H-2), 8.64 (s, 1 H, H-8),

8.33 (brd, 1 H, CH=), 7.76 (d, J 7.5 Hz, 2 H, Ph), 7.67 (d, J 16.0 Hz, 1 H, CH=), 7.46 (t, J 7.5 Hz, 2 H, Ph),
7.39(t,J 7.5Hz, 1 H, Ph). MS (EI): 222 (26, M*), 221 (100) 167 (3), 141 (2), 128 (6), 111 (4), 66 (3).
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(E)-6-[2-(4-Chlorophenyl)ethenyl|-1H-purine (4b). A mixture of (E)-6-[2-(4-chlorophenyl)ethenyl]-9-
(tetrahydro-2H-pyran-2-yl)-9 H-purine 3b (139 mg, 0.41 mmol), 96% EtOH (15 ml) and 1 M HCl (10 ml) was
stirred at ambient tempcerature for 5.5 h and neutralized by addition of solid KHCOs. The resulting mixture was
evaporated in vacuo and the product was isolated by flash chromatography on silica gel eluting with EtOAc-
EtOH (1:20); vield 69 mg (74 %). M.p. 310-311 ©C. (Found: C, 60.40; H, 3.75. Calc. for C13HoCINy4 C,

60.83; H, 3.53 %). 1H NMR (DMSO-dg, 500 MHz): & 13.51 (brs, 1 H, NH), 8.89 (s, 1 H, H-2), 8.65(s, 1 H,
H-8),833 (brd, 1 H,CH=), 7.83 (d,J 8.0 Hz, 2 H, Ar), 7.72 (d, J 16.0Hz, 1 H, CH=), 7.54(d,J80Hz, 2 H,

| e Y N o o PN SN s oA

Arn. >C NMR (CD3OD, 125 MHz, 50 °C): 6 155.8 (C-4), 153.3 (C-2), 152.9 (C-6), 146.4, (C-8) 139.3 (CH=),
136.3 (C in Ar), 136.2 (C-5), 136.2 (C in Ar), 130.3 (CH in Ar), 130.2 (CH in Ar), 1243 (CH=). IR (KBr):
AL YA VAl AN AN VYo o oY RN ool vd A AN STOTY Ve Yol BV o Lo d h Y 41 NI Iy AN I\L't' rs VY ~ AN

3V N

o
[t
&
[\
[
~.
-~
S
[

1615, 1565 cm-L. MS (EI): 257 (37, M), 256 (34), 2

FBYA_ D (A Mothavurnhonvliothowull T1Y murine fdr) A mivinrae of (A (A _mathAavunhenuvDethenvyll1_Q_
(DO L\ F-0AENOXYPRERYeLrieénye -1 rr-PUriineé (#¢;. A MIAWIC O1 \L)-O- (G- HICUuiOA Y PiiClil yi jCuiCil yip- =7
(tetrahydro-2H-pyran-2-y1)-9 H-purine 3¢ (130 mg, 0.39 mmol), 96% EtOH (15 ml) and 1 M HCI (10 ml) was

stirred at ambient temperature for 1 h and neutralized by addition of solid KHCOj;. The resulting mixture was
evaporaled in vacuo and the product was isolated by flash chromatography on silica gel eluting with EtOAc-
EtOH (20:1); yield 84 mg (86 %) colourless powdery crystals. M.p. 239-242 °C. (Found: C, 66.72; H, 4.60.
Calc. for C14H12N40 C, 66.65; H, 4.79 %). 'H NMR (CD30D/DMSO-dg, 200 MHz): & 8.84 (s, 1 H, H-2),
854 (s, 1 H,H-8),831(d, J 16.0Hz, 1 H, CH=), 7.7 (m, 2 H, Ar), 7.58 (d, /16.0 Hz, 1 H, CH=), 7.0 (m, 2 H,
Ar),3.88(s,3 H, CH3). 13C NMR (CD;0D, 125 MHz, 50 °C):  162.7 (C-4 in Ar), 155.5 (C-4/C-6), 154.0 (C-
4/C-6), 153.3 (C-2), 145.8 (C-8), 141.1 (CH=), 130.5 (CH in Ar), 130.2 (C-1 in Ar), 129.5 (C-5), 120.5 (CH=),
115.6 (CH in Ar), 56.0 (CHa). IR (KBr): vmax 3060, 3020, 2950, 2810, 1620, 1575 cm'l. MS (EI): 252 (55,
M), 251 (100), 236 (5), 210 (3), 209 (10), 208 (15), 128 (4), 126 (4), 102 (3).

(E)-6-[2-(2-Hydroxyphenyl)ethenyl]-1H-purine (4d). A mixture of (E)-6-[2-(2-hydroxyphenyl)cthenyl]-9-
(tetrahydro-2H-pyran-2-yl)-9 H-purine 3d (81 mg, 0.25 mmol), 96% EtOH (15 ml) and 1 M HCI (10 ml) was
stirred at ambicnt temperature for 4 h and neutralized by addition of solid KHCOj;. The resulting mixture was
evaporated in vacuo and the product was isolated by flash chromatography on silica gel eluting with EtOAc
containing 0-40 % EtOH; yield 46 mg (77 %) colourless powdery crystals. M.p. >220 °C (dec.). 1H NMR

(CD50D, 300 MHz):  8.80 (s, 1 H, H-2), 8.60 (d, J 16.5 Hz, 1 H, CH=), 8.47 (s, 1 H, H-8), 7.80 (d, J 16.5 Hz,
1 H, CH=), 7.7 (m, 1 H, Ar), 7.2 (m, 1 H, Ar), 6.9 (m, 2 H, Ar). 13C NMR (CDsO0D, 125 MHz, 50 °C): & 157.9
(C-2in An), 1560 (C-6), 153.9 (C-4), 153.2 (C-2), 1463 (C-8), 136.7 (CH=), 131.8 (C-4 in Ar), 129.7 (C-5),
1293 ((C-6 in Ar), 124.6 (C-1 in Ar), 122.9 (CH=), 121.0 ((C-5 in Ar), 117.4 (C-3 in Ar). IR (KBr): viax
3060, 2950, 2820, 1615, 1590, 1570, 1555 cm-. MS (EI): 238 (16, M*), 237 (17), 236 (3), 222 (16), 221 (100),

AN 7 AN ANO ANS NOO ~nO AN

209 (4), 208 (4), 128 (4), 105 (6), 93 (5). Hrms: Found 238.0881, C ;3HgN4O requires 238.0855.
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Ic € ' 3. The resulting mixture

ev aporated in vacuo and the roduut was 1soldled by ﬂash chromatography on silica gel e utlng with CHClq
followed by EtOH-CHCl; (5:95); yield 125 mg (97 %) pale yellow powdery crystals. M.p. 272-274 °C.
(Found: C, 57.66; H, 3.80. Calc. for C;;HgN4S: C, 57.88; H, 3.53 %). 'H NMR (DMSO-dg, 500 MHz): 6 12.5
(brs, 1 H, NH), 881 (s, 1 H, H-2), 858 (s, 1 H, H-8), 8.48 (d, J 16.0 Hz, 1 H, CH=), 7.68 (d, J 5.0 Hz, 1 H,
thienyl), 7.51 (d, /3.5 Hz, 1 H, thienyl), 7.34 (d, J 16.0 Hz, 1 H, CH=), 7.16 (dd, J 5.0 and 3.5Hz, 1 H, H-4 in
thienyl). 13C NMR (CD3;0D, 125 MHz, 50 °C): § 155.4 (C-4), 153.3 (C-2), 153.3 (C-6), 145.8 (C-8), 142.7 (C-

T 7 ST NNy S A Sy A had
2 in thienyl), 134.0 (CH=), 131.1 (C-3 or C-5 in thie enyl), 129.5 (C-5), 129.3 (C4 in thienyl), 129.0 (C-3 or C-5
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in thienyl), 122.0 (CH=). IR (KBr): vmax 3070, 3020, 2960, 2820, 1615, 1590, 1570, 1535 cm-1. MS (EI): 228
(7, M*), 149 (50), 84 (20), 44 (100).

(E)-6-[2-(3-Thienyl)ethenyl]-1H-purine (4f). A mixture ol (E)-6-[2-(3-thienyl)ethenyl]-9-(tetrahydro-2 H-

pyran-2-yl)-9H-purine ¥ (59 mg, 0.19 mmol), CH,Cl; (1 ml), 96% EtOH (15 ml) and 1 M HCI (10 ml) was
stirred at ambient temperature for 2.5 h and neutralized by addition of solid KHCO;. The resuiting mixture was

Y T

evaporated in vacuo and the product was isolated by flash chromatography on silica gel eiuting with CHCli3
followed by EtOH-CHCI; (5:95); yield 33 mg (77 %) pale yellow powdery crystals. M.p. 264-267 °C. 1H

NMR (DMSO-d,, 500 MHz, 50 °C): 6 13.49 (brs, 1 H, NH), 8.75(s, 1 H, H-2), 848 (s, 1 H, H-8),829(d, J
16.0 Hz, 1 H, CH=), 7.84 (m, 1 H, H-2 in thienyl), 7.54 (m, 2 H, H-4 and H-5 in thienyl), 7.41 (d, J 16.0Hz, 1
H, CH=). 3C NMR (DMSO-dg, 125 MHz, 50 °C):  153.8 (C-4), 151.5(C-2), 151.2 (C-6), 144.4 (C-8), i138.8
(C-3 in thienyl), 132.5 (C-2", 127.9 (C-5), 127.2 (thienyl), 126.8 (C-2 in thienyl), 125.2 (thienyl), 122.6 (C-1"

IR (KBr): vimax 3080-3020, 2950, 2800, 1615, 1585, 1565 cm-1. MS (El): 228 (35, M*), 227 (100), 200 (4), 195
(5), 173 (5), 146 (5), 134 (4), 114 (4), 93 (4). Hrms: Found 228.0452, C;;HgNyS requires 228.0470.

(E)-6-[2-(2-Furanyl)ethenyl|-1H-purine (4g). A mixture of (FE)-6-[2-(2-furanyl)ethenyl]-9-(tetrahydro-2 H-
pyran-2-y1}-9 H-purine 3g (279 mg, 0.94 mmn!) 96% EtOH (15 m M HCI (10 ml) was stirred at
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d 1 of solid KHCO;. The re\ullmg mixture was
ev aporatcd in vacuo and the Droduct was 1solated by ﬂash chromatoe phy on silica gel eluting with EtOAc
followed by EtOH-EtOAc (1:20) and EtOH-EtOAc (1:10); yield 154 mg (77 %) yellow crystals. M.p. 250-
251 °C (Lit.33 244-245 °C). 'H NMR (CD30D, 300 MHz): & 8.78 (s, 1 H, H-2), 8.46 (s, 1 H, H-8),8.11 (d, J
16.0 Hz, 1 H, CH=), 7.66 (d, J 1.5 Hz, 1 H, furanyl), 7.48 (d, J 16.0 Hz, 1 H, CH=), 6.77 (d, J3.5Hz, 1 H,
furanyl), 6.57 (dd, J 3.5 and 1.5 Hz, 1 H, furanyl). MS (El): 212 (53, M*), 211 (9), 184 (24), 183 (16), 171

(21), 159 (11), 158 (100), 156 (8), 129 (8), 77 (6).

Methyl (E)-3-iodo-2-methylpropenoate (6). Conc. sulfuric acid (5 drops) was added to a solution of (Z)-3-iodo-
2-methylpropenoic acid 5 (2.00 g, 9.43 mmol) in methanol (20 ml) and the resulting mixture was stirred at

I Wa s 4

reflux for 16 h and cooled. 10 % aqueous K,CO, (20 mi) was added and the mixture was exiracted with
CH2Cl3 (5x40 ml). The dried (Na;SOy4) solution was evaporated in vacuo and the product was purified by bulb
to bulb distiilation (0.2 mm Hg, 60 °C); yield 1.624 g (76 %) colourless liquid. 'H NMR (CDCls, 300 MHz): &

7.78(q, J1.5Hz, 1 H, CH=), 3.73 (s, 3 H, OCHzs), 2.03 (d, J 1.5 Hz, 3 H, CH3). 13C NMR (CDCl3, 75 MHz):

Q LW B ) ey N 2 I e 7t P 1 o~ P
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(EE)-6- /5 Carbomethoxy-4-methvl-1 3-pentadien-1- 7!
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ahydro-2H-pyran-2-yl)-9H-purine (7). a
stirring solution of 6-ethenyl-9-(tetrahydro-2 H-pyran-2-yl)-9H-purine 2, freshly prepargd from 6-chloro-9-
(tctrahydro-2H-pyran-2-yl)-9 H-purine 1 (358 mg, 1.5 mmol) as described above, and palladium(ll) acetate (17
mg, 0.075 mmol) in dry DMF (9 ml) under N;, was added methyl ( E)-3-iodo-2-methylpropenoate 6 (678 mg,
3.0 mmol) and N,N-diisopropylethylamine (770 ul, 4.5 mmol). The resulting mixture was heated at 85 °C for
22 h and cvaporated in vacuo. The product was isolated after flash chromatography on silica gel eluting with
EtOAc-hexane (2:1); yield 383 mg (78 %) off-white powdery crystals. M.p. 149-150 C. (Found: C, 62.04; H,
6.12. Calc. for Cj7HoN4O5: C, 62.18; H, 6.14 %). H NMR (CDCl3, 200 MHz): 8 8.82 (s, 1 H, H-2), 8.24
(dd,J 15.5and 12.0 Hz, 1 H, CH=), 8.22 (s, 1 H, H-8), 7.36 (dq, J 12.0 and 1.0 Hz, 1 H, CH=), 7.32 (d, J 15.5
Hz, 1 H, CH=), 5.7 (m, 1 H, H-2 in THP), 4.1 (m, 1 H, H-6 in THP), 3.8-3.7 (m, 1 H, H-6 in THP), 3.72 (s, 3

H, CH30), 2.08 (s, 3 H, CH3), 2.1-2.0 (m, 3 H, H-3 and H-4 in THP), 1.7-1.6 (m, 3 H, H-4 and H-5 in THP).

13C NMR (CDCls, 50 MHz): 8 168.2 (CO), 152.6 (C-2), 152.2 (C-4/C-6), 151. -4/C-6), 142.3 (C-8), 136.9
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(C-3Y, 1343 (C-2Y, 132.5 (C-4'), 131.9 (C-1Y, 131.3 (C-5), 81.8 (C-2 in THP), 68.7 (C-6 in THP), 51.9
(CH30), 31.6 (C-3 in THP), 24.7 (C-5 in THP), 22.6 (C-4 in THP), 13.3 (CH3). IR (KBr): vpax 3080, 3020,
2920, 2830, 1695, 1625, 1575 cm’!. MS (EI): 328 (3, M*), 229 (20), 201 (11), 186 (7), 185 (100), 149 (13), 84
(21), 83 (10).

(E.E)-6-(5-Carbomethoxy-4-methyl-1,3-pentadien-1-yl)- IH-purine (8). A mixture of (E
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(E.E)-6-(5-Hydroxy-4-methyl-1,3-pentadien-1-yl)-9-(tetrahydro-2H-pyran-2-yl)-9H-purine (10). To a stirring
solution of 6-cthenyl-9-(tetrahydro-2H-pyran-2-yl)-9 H-purine 2, freshly prepared from 6-chloro-9-(tetrahydro-
2H-pyran-2-yl)-9H-purine 1 (239 mg, 1.0 mmol) as described above, and palladium(Il) acetate (11 mg, 0.05
mmol) in dry DMF (8 ml) under N3, was added (F)-3-iodo-2-methyl-2-propen-1-ol 9 (396 mg, 2.0 mmol) and
N N-diisopropylethylamine (510 w, 3.0 mmol). The resulting mixture was heated at 70 °C for 50 h and
evaporated in vacuo. The product was isolated after flash chromatography on silica gel eluting with EtOAc-
hexane (2:1) followed by EtOAc-hexanc (3:1) and finally EtOAc; yield 165 mg (55 %) colourless powdery
crystals. M.p. 146-149 °C. (Found: C, 63.57; H, 6.31. Calc. for C;gH;gN4O5: C, 63.98; H, 6.71 %). 'H NMR
(CDCl3, 500 MHz): $ 8.79 (s, | H, H-2), 8.24 (dd, J 15.0 and 11.5Hz, 1 H, CH=), 8.21 (s, 1 H, H-8), 7.06 (d, J
15.0Hz, 1 H, CH=), 6.48 (d, J 11.5Hz, 1 H, CH=), 5.73 (dd, J10.0 and 2.5 Hz, 1 H, H-2 in THP), 4.20 (s, 2 H,

Ty e T o T T TN A =

CH2), 4.2-4.1 (m, 1 H, H-6 in THP), 3.88 (brs, 1 H, OH), 3.78 (dt, J 11.5 and 2.5 Hz, 1 H, H-6 in THP), 2.2-

2.0 (m, 3 H, H-3 and H-4 in THP), 1.97 (s, 3 H, CH3), 1.8-1.6 (m, 3 H, H-4 and H-5 in THP). 13C NMR
(CDCl3, 75 MHz):  154.4 (C-6), 152.4 (C-2), 150.8 (C-4), 146.0 (C=), 141.7 (C-8), 136.1 (CH=), 130.6 (C-5),
124.9 (CH=), 123.6 (CH=), 81.8 (C-2 in THP), 68.8 (C-6 in THP), 67.4 (CH,0H), 31.7 (C-3 in THP), 24.8 (C-
5 in THP), 22.7 (C-4 in THP), 14.8 (CHs). IR (KBr): vmax 3200, 3060, 2920, 2840, 1625, 1595, 1560 cm'!
MS (EI): 300 (21, M*), 216 (17), 187 (45), 186 (13), 185 (100), 159 (19), 158 (13), 134 (16), 85 (23)

(EE)-6-(5-Hydroxy-4-methyl-1,3-pentadien-1-yl)-1H-purine (11). A mixture of (E E)-6-(S-hydroxy-4-methyl-
1,.3-pentadien- 1-y1)-9-(tetrahydro-2H-pyran-2-y1)-9 H-purine 10 (80 mg, 0.27 mmol), 96 % EtOH (15 ml) and 1

M HCI (12 ml) was stirred at ambient temperature for 15 h and neutralized by addition of solid KHCO;. The
resulting mixture was evaporated in vacuo and the product was isolated by flash chromatography on silica gel
eluting with EtOAc containing 10-40 % EtOH; yield 39 mg (68 %) colourless powdery crystals. M.p. 205-207
°C. 'H NMR (CD30D, 300 MHz): d 8.79 (s, 1 H, H-2), 8.50 (s, H, H-8), 8.38 (dd, J15.5and 11.5Hz, 1 H,
CH=),7.06 (d, J 15.5Hz, 1 H, CH=), 6.5 (m, 1 H, CH=), 4.15 (s, 2 H, CH3), 1.99 (s, 3 H, CH3). 13C NMR
(CD30D, 125 MHz, 50 °©C): 8 155.1 (C-4/C-6), 154.0, (C-4/C-6) 153.2 (C-2), 147.8 (C-4"), 145.7 (C-8), 137.7
(C-2, 129.5 (C-5), 125.4 (C-1", 124.6 (C-3", 67.9 (CH>), 14.7 (CHz). IR (KBr): vyax 3080-3020, 2960-2920,
2790, 1580, 1555 cml. MS (EI): 216 (18, M*), 199 (10), 187 (43), 186 (14), 185 (100), 173 (11), 171 (17),
159 (23), 158 (28), 134 (25). Hrms: Found 216.1020, C;;H;,N40 requires 216.1011.

(E)-1-(tert-Butyldimethylsilyloxy)-2-methyl-2-penten-4-yne (13c). A mixture of ( E)-2-methylpent-2-en-4-yn-1-
ol (258 mg, 2.68 mmol), tert-butyldimethylsilyl chloride (607 mg, 4.02 mmol) and triethylamine (0.750 ml,



[

5.37 mmol) in dry dichloromethane (7 ml) and dry DMF (4 ml) was stirred under N, for 2 h before sat. aq.
NH4Cl (50 ml) was added and the mixture was extracted with dichloromethane (4x25 ml). The combined
organic extracts were dried (Nap;SO4) and evaporated n vacuo and the product was isolated by flash
chromatography on silica gel eluting with hexane followed by EtOAc-hexane (5:95); yield 470 mg (83 %). 'H
NMR (CDCl3, 200 MHz): & 5.59 (m, 1 H, H-3), 4.08 (t,J 1.0 Hz, 2 H, H-1), 3.05 (d, J2.0 Hz, 1 H, H-5), 1.82
(s,3 H, CH3), 0.88 (s, 9 H, r-Bu), 0.05 [s, 6 H, Si(CH3)]. 13C NMR (CDCl3, 50 MHz) & 152.2 (C-2), 102.3 (C-
3), 81.4 (C-4), 80.5 (C-5), 66.3 (C-1), 25.8 (CH3 in t-Bu), 18.3 (C in ¢-Bu), 16.1 (CHs), -5.5 [Si(CH3)]. IR
(film): vmax 3270, 2920-2900, 2350, 1580 cm-l. MS (ED): 210 (8, M), 155 (5), 154 (14), 153 (100), 125 (13),
109 (5), 83 (21), 77 (19), 75 (88), 73 (18). Hrms: Found 210.1417, C1,H7,0Si requires 210.1440.
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mmol) N,N- dusopropylethylamm (257 pl, 1.
was heated at 60 °C for 6 h. After cooling. water (2 ml) was
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together with a small amount of silica gel. The residue was added on t silica gel column and the product
was isolated by flash chromatography cluting with EtOH-EtOAc (1:10); vield 67 mg (63 %) off-white powdery
crystals. M.p. 213-214 °C. (Found: C, 61.27; H, 4.96. Calc. for C;;HoN4O: C, 61. 67 H, 4.71 %). 1TH NMR
(CD30D, 300 MHz): 6 8.83 (s, 1 H, H-2), 8.53 (s, 1 H, H-8), 6.0 (m, 1 H, CH=), 4.15 (s, 2 H, CH5), 2.0 (m, 3
H, CH3). 13C NMR (DMSO-dg, 125 MHz, 50 °C): & 157.8 (C-4"), 153.7 (C-4), 151.8 (C-2), 145.6 (C-8), 138.9
(C-6), 131.4 (C-5), 101.1 (C-3"), 95.1 (C-2"), 87.9 (C-1"), 64.5 (C-5, 16.5 (CH3). IR (KBr): vy 3090-3020,
2930, 2790, 2180, 1585, 1565 cm!. MS (EI): 214 (76, M%), 212 (19), 198 (24), 197 (26), 196 (19), 186 (26),
185 (100), 184 (19), 183 (25), 171 (28).

1
were added and the resulting mixture
t

1e mixture was evanorated in vacuo

(E)-6-[4-Methyl-5-[(tetrahydro-2H-pyran-2-yljoxy |-3-penten-1-yn-1-yl ]-9-(tetrahydro-2H-pyran-2-yl)-9H-pur -
ine (14b). A mixture of 6-iodo-9-(tetrahydro-2 H-pyran-2-yl)-9H-purine 12b (1.651 g, 5.0 mmol), (£)-2-
methyl-1-[(tetrahydro-2 H-pyran-2-yl)oxy]-2-penten-4-yne 13b (1.08 g, 6.0 mmol), bis(triphenylphosphine)-
patladium(II) chioride (175 mg, 0.25 mmol), cuprous iodide (95 mg, 0.5 mmol), N,N-diisopropylethylamine

P e Vs

(2.6 mi, 15 mmoi) and DMF (30 mi) was heaied at 65 °C under N, for 14 h. The reaction mixture was
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roduct was isolated by flash chromatography eluting with EtOAc-hexane (2:1);
I'H NMR (CDCls, SOOMHZ) 6869 (s, 1 H H- 2) 8 14(s 1 H H-8), 5.80
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yield 1.566 g (82 %) yellow
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(CDCl3, 50 MHz): 6 153.3 (C-4", 152.5

) 1 .
OTHP), 96.5 (C-2'), 87.9 (C-1'), 82.0 (c -2 in NTHP), 69.8 (C-5" 62.( OTHP),
317 (C-3 in NTHP), 30.3 (C-3 in OTHP), 25.3 (C-5 in OTHP), 24.7 (C-5 in NTHP), 22.6 (C-4 in NTHP), 19.0
(C-4in OTHP), 17.5 (CH3). IR (KBr): vy 3090, 3030, 2920, 2830, 2190, 1650, 1560 cm-L. MS (EI): 382 (2,
M), 298 (25), 215 (18), 214 (100), 213 (17), 198 (18), 197 (38), 186 (11), 185 (74), 85 (71). Hrms: Found

382.1996, C21H26N4O3 rcquires 382.2005.

(E)-6-[4-Methyl-5-[(tetrahydro-2H-pyran-2-yl)oxy]-3-penten-1-yn-1-ylJ-1H-purine (14c). A mixture of 6
todo-1H-purine 12a (492 mg, 2.0 mmol), ( £)-2-methyl- 1-[(tetrahydro-2 H-pyran-2-yl)oxy]-2-penten-4-yne 13b
(397 mg, 2.2 mmol), bis(triphenylphosphine)palladium(Il) chloride (70 mg, 0.10 mmol), cuprous iodide (38
mg, 0.20 mmoil), triethylamine (0.85 ml, 6.1 mmol) and DMF (10 ml) was heated at 65 °C under N, for 24 h.
The reaction mixture was evaporated in vacuo and the product was isolated by flash chromatography eluting
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with EtOAc; yield 445 mg (75 %) vellow crystals. M.p. 66-68 °C. 'H NMR (CD30D, 200 MHz): & 8.84 (s, 1
H, H-2), 8.54 (s, 1 H, H-8), 6.0 (m, 1 H, CH=), 4.7 (m, 1 H, H-2 in THP), 4.30 (d, J 15.0 Hz, 1 H, Ha in CHy),
4.08 (d, J 15.0 Hz, 1 H, Hg in CHy), 3.9 (m, 1 H, H-6 in THP), 3.6 (m, 1 H, H-6 in THP), 2.1 (m, 3 H, CH3),
1.8-1.5 (m, 6 H, THP). 13C NMR (CD;0D, 125 MHz, 50 °C): & 155.8 (C-4 or C-6), 155.5 (C-4 or C-6), 153.4
(C-2), 147.2 (C-4", 140.6 (C-8), 131.9 (C-5), 104.7 (C-3"), 99.8 (C-2 in THP), 97.6 (C-1' or C-2"), 88.3 (C-1' or
C-2Y, 71.3 (C-5'), 63.4 (C-6 in THP), 31.6 (THP), 26.6 (THP), 20.4 (THP), 17.5 (CH3). IR (KBr): Vpmax 3080-
3020, 2910, 2830, 2190, 1565 cm-l. MS (EI): 298 (7, M*), 215 (18), 214 (96), 213 (18), 198 (24), 197 (51),
186 (15), 185 (100), 171 (15), 85 (71). Hrms: Found 298.1415, C ;6H,gN4O,Si requires 298.1430.

FTY K IR 74net Daetsddlne celas T2l T\ A sl 2 ot T ¥ 17 LT .. s 7 AN A seriwrtrzzen ~F £ LA 1LY
(LU~ [ I WIL-DULYLRUTICLIT YIS LLYLU. _y}“f‘l lCl!l_yl—J-[ Erern-1 -y”-l-)’l,]-l M-purine { 194). A 1I1ALWUIC V1 UO-IVUV- 111~
nurina 1%a (517 ma ") 1 mmnl\ L IN_1_( tort knfzylrliwu;ﬂ-nv]n”‘ TAaviN_ D _man f vyl D nantan_ A uyuna 1n (AR mao 0D

IR R (71 1115, sl MUMULY, \ L)~ i7(iCrt- Uul IR0 ylau 1U/\y) ~~IHICLL yl ) lJCuLCu W‘yub AJU \(FUL 1115, Py
mmot), bis(triphenylphosphine)palladium(Il) chloride (74 mg, 0.11 mmol), cuprous iodide (40 mg, 0.21

mmol), NN- dus(mr(mvlethvlamme (1.10 ml, 6.3 mmol) and DMF (13 ml) was heated at 75 °C under N; for 6.5
h. The reaction mixture was evaporated in vacuo and the product was isolated by flash chromatography eluting
with EtOAc; yield 549 mg (80 %) colourless powdery crystals. M.p. 187-188 °C. 'H NMR (CDCl3, 200
MHz): 3 8.99 (s, 1 H, H-2), 838 (s, 1 H, H-8), 596 (m, 1 H, H-3"), 4.15(s, 2 H, H-5'), 1.96 (s, 3 H, CH3), 0.88
(s, 9H, -Bu), 0.05 [s, 6 H, Si(CH3)]. 13C NMR (CD;0D, 125 MHz, 50 °C): § 157.1 (C-4"), 154.4 (C-4), 152.7
(C-2), 145.8 (C-8), 140.7 (C-6), 131.2 (C-5), 102.5 (C-3", 97.9 (C-2"), 87.7 (C-1"), 66.9 (C-5"), 26.1 (CH3 in -
Bu), 18.7 (C in ¢-Bu), 16.9 (CHs), -5.3 [Si(CHzs)]. IR (KBr): vmax 3110-3010, 2920, 2900, 2830, 2190, 1585,
1565cm-l. MS (El): 328 (11, M*), 313 (4), 272 (22), 271 (100), 257 (6), 256 (25), 255 (4), 201 (12), 197 (15),
73 (10). Hrms: Found 328.1725, C 7H4N40Si requires 328.1719.

(1Z,3E)-6-(5-Hydroxy-4-methyl-1,3-pentadien-1-yl)- IH-purine (15). A mixture of ( E)-6-(5-hydroxy-4-methyl-
3-penten-1-yn-1-yl)-1H-purine 14a (70 mg, 0.33 mmol), quinoline (0.84 ml) and Lindlar catalyst (131 mg) in
EtOAc (16 ml) and MeOH (16 ml) was stirred under Hy-atmosphere at ambient temp for 3 h. The reaction
mixture was filtered through Celite and evaporated in vacuo and the product was isolated by flash
cnromatograpny on silica gel eluting with EtOAc-hexane (2:1) followed by EtOAc containing 0-25 % EtOH,;

Ald £ o QO O e~ ln s P PR S PURGREYS nll )RR 1 VS neg o 1LY
_yu:lu U4 g \07 /b) palc _ybllUW pUWULlV LlySLd.l\ L,U[lldl[lll’lg ..J ”/O Ul Lic (L L'.) lbOmeI vl p ‘7\]—73 b ST
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NMR (CD3; 0D, 300 MHz): 6 8.86 (s, 1 H, H-2), 8.44 (s, 1 H, H-8), 7.78 (d, J 12.0 Hz, 1 H), 7.06 (t,J 12.0 Hz,
11T 1T AN £ O 7.1 F1A N IT. 1 1IN A 11 /7 ATY TY SN 1 0O\~ 7 M~ LY YT N T2/ AT £TY 77T AT AT L AT Y N, ®
1n,n-2Y,086(d, /12.0 Hz, 1 H),4.11 (s, 2 H, H-53), 1.92 (s, 3 H, CH3). BC NMR (CD3;0D, 75 MHz): &
TEC S/ Al £ 1EAMN (00 AldY £ 1LY DN 83 A\ 1TAT L £ AN 1A T A QN 125 0Q 1AO L /N SN 1A N 1AN N L0 &
1000 (L4 C-D), 1oL (L-4/L-0), 133.L (-2}, 14/7.0 (L-4}, 14D./ (L-8), 130.8, 1LY.0(L-D), 1£5.U, 1LU.0, 08.0
(&N 12 QLT N TD DL 2NON 3N ANLN AOIN AONY 1T EFTE aa -]l AACQ /ITTV. D1 L 710 ALY 100 717
(L-97, 15.7 (Lig). IR (ADI). Vipax SUBU-5UZU, 296U-2910, 2800, 1575 cm=. MDS (E1j: 216 (10, M*), 1599 (12),
198 (14), 197 (13), 187 (27), 185 (100), 171 (15), 159 (19), 158 (25), 134 (35). Hrms: Found 216.1014,
C. . H. \N.O reqmiree 214 1011
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(17Z.3E)-6-{4-Methyl-5-[(tetrahydro-2H-pyran-2- vl)oxy]-1,3-pentadien-1-yl]-1H-purine (16a). A mixturc of

(E)-6-[4-methyl-5-[(tetrahydro-2 H-pyran-2-yl)oxy]-3-penten-1-yn-1-yl}- 1H-purine 14¢ (134 mg, 0.45 mmol),
quinoline (0.48 ml, 4.1 mmol) and Lindlar catalyst (270 mg) in EtOAc (12 ml) and MeOH (12 ml) was stirred
under Hy-atmosphere at ambient temp for S h. The reaction mixture was filtered through Celite and evaporated
in vacuo and the product was isolated by flash chromatography on silica gel eluting with EtOAc-hexane (2:1)
[ollowed by EtOAc-EtOH (9:1); yield 98 mg (73 %) pale yellow powdery crystals containing 9 % of the (E E)
isomer. M.p. 68-70 °C. 'H NMR (CD30D, 200 MHz): 8 8.84 (s, 1 H,H-2),839 (s, 1 H, H-8), 7.77 (d, J 11.5
Hz, 1 H, CH=),7.05(1,J 11.5Hz, 1 H, CH=), 6.88 (d,J 11.5Hz, 1 H, CH=), 4.66 (m, 1 H, H-2 in THP), 4.24
(d, J14.0Hz, 1 H, Hy in H-5"), 4.06 (d, J 14.0 Hz, 1 H, Hp in H-5", 3.9 (m. 1 H, H-6 in THP), 3.5 (m, 1 H, H-6
in THP), 1.91 (s, 3 H, CH3), 1.9-1.5 (m, 6 H, H-3, H-4 and H-5 in THP). 13C NMR (CD30D, 75 MHz, 50 °C):
0 155.8 (C-4 or C-6), 154.2 (C-4 or C-6), 153.2 (C-2), 145.7 (C-4"), 144.3 (C-B), 135.5 (C-2"), 124.3 (C-3",
120.5 (C-1%, 994 (C-2 in THP) 73.0 (C-5Y, 63.3 (C-6 in THP), 31.8 (THP), 26.6 (THP), 20.4 (THP), 14.2

(CHj3). IR (KBr): vipax 3080-3020, 2920, 2820, 1570 cm-1. MS (EI, 15 eV): 300 (6, M*), 269 (1), 216 (26), 215

wn
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(4), 200 (7), 199 (26), 198 (15), 188 (7), 187 (8), 186 (22), 185 (100), 85 (14). Hrms: Found 300.1581,
C16H20N 4037 requires 300.1586.

(1Z,3E)-6-[5-(tert-Butyldimethylsilyloxy)-4-methyl- 1,3-pentadien-1-yl |- 1H-purine (16b). A mixture of (£)-6-
[5-(tert-butyidimethyisilyioxy)-4-methyi-3-penten-1-yn-1-yij-1H-purine 14d (89 mg, 0.27 mmol), quinoiine
(0.29 mi, 2.5 mmoli) and Lindlar catalyst (163 mg) in EtOAc (7 mi) and MeOH (7 mi) was stirred under Hy-

d.l.lIlU\[)llElC ail d.IIlUlClll. CHp lUI l‘l Il 1 IlC ICd(.«llUﬂ ml)uurc was llll.ClCU lﬂl ngll bClllC auu C\’dWld.lUU lll VACHO
and the product was isolated by flash chromatography on silica gel eluting with ELOAc-hexane (2:1) followed

by EtOAc; yield 64 mg (71 %) pale yellow oil containing 11 % of the (EE) isomer. M.p. 127-128 oC. 1H
NMR (CDCl5, 200 MHz): § 12.9 (brs, | H,NH), 895(s, 1 H,H-2),827(s,1 H, H-8),803(d, J70Hz, 1 H,
CH=), 7.07 (m, 2 H), 4.21 (s, 2 H, H-5", 2.02 (s, 3 H, CH3), 0.93 (s, 9 H, 1-Bu), 0.09 {s, 6 H, Si(CH3)]. 13C
NMR (CD30D, 125 MHz, 50 °C): d 154.3 (C4 or C-6), 152.6 (C-2), 152.5 (C-4 or C-6), 146.8 (C-4"), 144.5
(C-8), 135.5(C-2"), 129.4 (C-5), 121.5(C-3"), 1193 (C-1"), 683 (C-5'), 26.2 (CH3 in #-Bu), 18.8 (C in 1-Bu),
13.9 (CH3), -5.2 ,h, 6 H, Si(CH3)]. IR (KBr): vmax 3080-3020, 2930, 2910, 2830, 1600, 1575, 1540 cm'l. MS
(EL, 15 eV): 331 (1, M*), 314 (5), 273 (25), 257 (8), 199 (34), 198 (21), 197 (24), 186 (13), 185 (100), 158 (16)

73 (12). Hrms: Found 330.1891, C17H¢N40Si requires 330.1876

6-{4-Methyl-5-[(tetrahydro-2H-pyran-2-yl)oxy [pent-1-yl |-9-(tetrahydro-2H-pyran-2-yl)-9H-purine (17). A
mixturc of (F)-6-[4-methyl-5-[(tetrahydro-2H-pyran-2-yl)oxy]-3-penten- 1-yn-1-yl]-9-(tetrahydro-2H-pyran-2-
y1)-SH-purine 14b (665 mg, 1.7 mmol), quinolinc (1.0 mi, 8.5 mmol) and Lindlar catalyst (980 mg) in EtOAc
(25 ml) and MeOH (25 ml) was stirred under H;-atmosphere at ambient temp for 4 h. The reaction mixture
was filtered through Celite and evaporated in vacuo and the product was isolated by flash chromatography on

silica gel eluting with EtOAc-hexane (1:4) followed by EtOAc-hexanc (1:1) and finally EtOAc-hexane (2:1);

yield 613 mg (91 %) of an isomeric mixture as a pale yellow oil. 'H NMR (CDCi3, 300 MHz): 6 885 (s, I H,
H-2),8.21 (s, 1 H, H-8), 5.77 (dd, J 9.5, and 3.5 Hz, 1 H, H-2 in NTHP), 4.52 (br s, 1 H, H- 2mOTHP) 4.1 (m
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} (C-1'and C-4"), 33.3 (C-1' and C-4'), 31.8, 3(;]‘
OTHP and NTHP, C-2'and C-3"), 17.1 (CH3), 17.0
(CH3) IR (ﬁlm) vmax 3070 3030, 2970 2840 1580 cm-!, MS (El): 388 (4, M*), 303 (10), 287 (11), 220 (12),
219 (43), 204 (21), 203 (61), 201 (15), 189 (11), 161 (14), 147 (30), 135 (15), 134 (100). Hrms: Found
388.2483, C51H35N405 requires 388.2474,

6-(5-Hydroxy-4-methylpent-1-yl)-1H-purine (18). A mixture of 6-[4-methyl-5-[(tetrahydro-2H-pyran-2-
yhoxy]pent- 1-yl1]-9-(tetrahydro-2 H-pyran-2-y1)-9 H-purine 17 (274 mg, 0.71 mmol), 96 % EtOH (18 ml), water
(20 ml) and 1 M HCI (10 ml) was stirred at ambient temperature for 5.5 h and neutralized by addition of solid
NaHCO;. The resulting mixture was evaporated in vacuo and the product was isolated by flash
chromatography on silica gel eluting with EtOAc containing 0-30 % EtOH; yield 118 mg (76 %) pale yellow
oil. TH NMR (CD30D, 200 MHz): & 864 (s, 1 H, H-2), 834 (s, 1 H, H8) 3.2 (m, 2 H, H-5),2.99(t,J7.5
H, H-1%, 1.8 (m, 2 H, H-2%, 1.4 (m, 2 H, H-3", 1.0 (m, 1 H, H-4), 0.74 (d, J 7.0 Hz, 3 H, CH3). 13C

7
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(CU3UU, 75 MHz): 6 161.5 (C-6), 155.2 (C-4), 153.2 (C-2), 145.9 (C-8), 130.6 (C-5), 68.3 (C-59, 36.
27.0 0-302

(C-3%, 34.4 (C-1' or C-4%), 34.2 (C-1" eller C-4"), 27.0 (C-2", 16.9 (CH3). IR (film): vpax 3250, 3080-30:
2940—2900 2840, 2450, 1585, 1550 cm-l. MS (EI): 220 (2, M*), 218 (4), 203 (5), 190 (4), 189 (5), 161 (

’
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159 (4), 148 (6), 147 (25), 135 (15), 134 (100). Hrms: Found 220.1320, C;H;6N40 requires 220.1324.



Procedure for determination of cytokinin activity. The cylokinin activity of the compounds was determined
using a bioassay method described by Letham.34 Radish (Raphanus sativus L. cv. Cherry belle) cotyledons
were used as the cytokinin sensitive plant material. Seeds were germinated in petri dishes (14 cm) between
layers of wet cellulose paper for 30 hours at 30 °C. Six pairs of cotyledons of uniform size were excised and

their fresh weight determined. The ieaves were randomly piaced on fiiter paper (Whatman no. 1, 9 cm) in petn

_____ Y N\

dishes (9 cm). To the filter paper 3 mL zmM potassuum phosphate buffer (pH 6) Wlm different concentrations

obtain the low hght intensity, two layers of gaz covered the dishes. After 48 hours, 1 mL potassium phospate
buffer was added to each dish to keep constant wet conditions in the dishes. The experiment was finished after
72 hours. Each cotyledon was carefully blotted dry and the fresh weight was determined. To determine the
cytokinin effect of the purines, the weight gain of cotyledons treated with the 100 uM cytokinin analogs was
subtracted the weight gain of control cotyledons (O uM purine). This effect on growth of radish cotyledons was
compared to the effect of BAP (100 uM), and is expressed as percent of the effect of BAP. The results are

puvi), alid Tootd CILLIIL LLIC 1116 1oUlly

based on the mean of three replicate dishes of each treatment.
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