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I. Introduction

The present report describes progress for the period Feb. 1, 1980
summarizes the results of two and one-half years of synthetic studies At the
outset our major objective was to synthesize a series of C-5 substituted tuber-
cidin derivatives to be tested as antiparasitic agents. As discussed in our
proposal of August 1977 there is significant biochemical rational for biolog-
ical activity in this series of compounds. However there-was neither sufficient
data to allow us to predict activity in this class with absolute certainty nor
was there any clue to the type of C-5 substituent most likely to give the
greatest activity. Consequently we have sought to develop synthetic methodology
of broad enough scope to attach many kinds of functional groups at the C-5
position of tubercidin. The history of the development of this synthetic meth-,
odology is outlined in the two previous annual reports. Side chains are at-
tached at C-5 by the reaction of 5-mercuritubercidin with lithium palladium
chloride and olefins or carbon monoxide. The majority of compounds synthesized
for biological testing were made by, this route. During the period February -
June, 1980 (here after referred to as year 3) attempts were made both to expand
the scope of the coupling reaction, and to develop other direct methods for
attaching side chains. Table I outlines the target compounds whose syntheses
we proposed to investigate by the end of the contract. The status of each com-
pound is outlined in the Table.,.

Table I Synthetic Targets

N R

Compound R Statusa

CN U
CH=CHPh S2

CH-CHCF3  U
3

CH2CH2CH2NH2  U

CH=CHBr S2

CH2OH S2

ZCH 2OR' R3

CH2NHR' U

CH2CH=CHCH3  S2

_ __________ __________ __________ I
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Table I continued.

U = synthesis unsuccessful; details discussed in section following.

S2 = synthesis successful; discussed in 2nd annual report.
R3 = reaction successful, but not efficient enough for large scale preparation;

details discussed in section following.

Direct halogenation or nitration of tubercidin were not previously proposed
as possible reactions for investigation. The 5-halogenated derivatives are
established as biologically active compounds, but synthetic work from another
laboratory suggested that they would be obtained only by way of a lengthy cir-
cuitous route. During the course of our studies on the bromination of 5-mer-
curitubercidin we discovered that N-bromosuccinimide could be used to success-
fully brominate tubercidin at either the C-5 or C-6 position. A major part of
our effort in year three was devoted to investigation of this and related re-
actions. The results of the halogenation studies are summarized in Appendix A,
which is a draft of a manuscript submitted for publication.

Il. Synthetic Studies

A. 5-Cyanotubercidin (Toyocamycin) (1)

Three routes from 5-iodotubercidin were investigated. Cuprous cyanide
in dimethyl sulfoxide or hexamethylphosphoramide (following established
procedures) gave a mixture of products, but none that could be isolated and
identified as 5-cyanotubercidin. Neither tris(triphenylphosphine) nickel (0)
with sodium cyanide in ethanol nor DMF gave detectable product. Although
touted as an improved method for transforming arylhalides to nitriles, even
with simple model compounds such as bromobenzene, we obtained poor results.
Neither were we succeisful with cyanogenation by tetrakis(triphenylphosphine)
palladium (0) in THF. In each case the zero-valent transition metal complex
was generated in a number of different ways, and the reaction attempted
under variable conditions.

B. 5-(3,3,3-Trifluoropropenyl)tubercidin (Q)

3,3,3-Trifluoropropene reacts with 5-chloromercuri-2'-deoxyuridine and
lithium palladium chloride in methanol to give a good yield of 5-(3,3,3-tri-
fluoropropenyl)-2'-deoxyuridine.. Under identical conditions 5-mercuri-
tubercidin failed to give a detectable product. Other solvents, longer re-
action times, or variations in catalyst composition still gave only negative
results. The complete absence of isolable product has been particularly
baffling.

C. 5-(3-Aminopropyl)tubercidin (q)

Reduction of 5-(Carboxamidoethyl)tubercidin by diborane in THF repre-
sented our last attempt to synthesize 4. Thin layer chromatography of the
crude reaction mixture shows a new product, however difficulty was encount-
ered during purification. In one instance the product could not be isolated
after running on Bio-gel P-2 eluting with water.

D. 5-Alkoxymethyltubercidin (Q)
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One way to attach long alkyl side chains at C-5 would be via an ether
linkage to a methylene group. Since previous research has established
conditions for replacing the hydroxy of a hydroxymethyl arene with an
alkoxy group, we anticipated that 5-hydroxymethyltubercidin (k) could be
transformed to Z. Because of the labor required to obtain sizable amounts
of § the reaction was attempted on less than 0.1 mmole of compound. In 0.3
M UCl in ethanolA was transformed to a new product in three days at 70 -
80 C. Because of the scale of the reaction the product was characterized
only by thin layer chromatography. The RF was sufficiently high (0.47 in
25% MeOH/CHCl3) to suggest that the ethoxy group had replaced the hydroxy
group.

E. 5-Alkylaminomethyltubercidin (Q)

This reaction has been tested only on a small test scale (0.04 mnole)
by heating with cydohexylamine in 0.5 N HCI, and did not give any detect-
able product.

F. Coupling Reactions with Haloolefins

Isolable products could not be obtained from the reactions of either
vinyl fluoride or 1,1-difluoroethene with 5-mercuritubercidin. However,
vinyl bromide did give a low yield of two products. These were not sep-
arated, but characterized by H NMR, thin layer chromatography and high
pressure liquid chromatography. They were tentatively identified as 5-(l-
methoxytthyl)tubercldin and 5-(2,2-dimethoxyethyl)tubercidin, on the basis
of the H XMR spectrum. NMR data for peak assignments of the 2,2-dimethox-
yethyl side chain was available from a spectrum of 5-(2,2-dimethoxyethyl)-2'-
deoxyurldine. The yields were far too low to warrent scale up and prepar-
ation for biological testing.i

G. Nitration of Tubercidin

Success with the direct electrophilic halogenation of tubercidin (Ap-
pendix A) led us to investigate a mild nitration procedure. Of all the
methods of nitration, probably the most mild uses the reagent nitronium
tetrafluoborate in sulfolane. Reaction of tubercidin with a two-fold excess
of nitronium tetrafluoborate in sulfolane resulted in the evnlution of a
brown gas (N 04 ). Thin layer chromatographic analysis showed very little
tubercidin bNt five new products. Since the nitronium ion is a strong oxi-
dizing agent, it was reasonable to suppose that substantial sugar oxidation
had occurred. To prevent oxidation at the ribosyl hydroxyl groups, the tert-
butyldimethylsilyl group was investigated as a potential protecting group.
Tubercidin is easily converted to 2', 3', 5'-O-tri(tert-butyldimethylsilyl)-
tubercidin (J9) by reaction with tert-butyldimethylsTTyIl chloride and imida-
zole In 0MF ?See Experimental Section). Reaction with nitronium tetrafluo-
borate gave a low yield of one new product which could be purified by chrom-
atography but the yield of purified product was very low. The structure of
the product has yet to be determined. None of the proton signals on the
pyrrolo [2,3-d]pyrimidtne changed position. The sugar region of the H
spectrum (3.4-5.0 ppm) is too complex to assign individual signals with
certainty, but there may be f tra protons in this region. One new peak
(79.15 ppm) appeared in the C spectrum leading us to believe that what
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ever the reaction it may have occurred on one of the methyls of a protecting
group. Recently Watanabe and Ueda found tha tubercidin protected at the
hydroxyl groups by acetyl could be nitrated. 2', 3', 5'-Tri-0-acetyl-7-
deazaadenosine (7-deazaadensoine and tubercidin are synonomous) reacted with
fuming nitric and sulfuric acids in methylene chloride to give a mixture of
5-nitro- and 6-nitro-2', 3', 5'-tri-O-acetyltubercidin. The authors did
not report whether the acetyl protecting groups could be removed without
further decomposing the molecules.

H. Halogenation of Tubercidin

N-Bromosuccinimide in DMF has been reported to be a particularly mild
brominating reagent for polycyclic aromatic hydrocarbons susceptible to
over oxidation. As discussed in Appendix A, under carefully controlled
conditions it is possible to selectively synthesize either 5-bromo-or 6-
bromo-tubercidin. N-Chlorosuccinimide gave only 5-chloro-or 5,6-dtchloro-
tubercidin. Direct iodination (by N-lodosuccinlmide) was unsuccessful but
as reported previously (2nd Annual Progress Report) 5-iodotubercidin can
be obtained by iodination of 5-mercuritubercidin.

III. Tubercidin Derivatives Submitted for Biological Testing

Every new compound synthesized in amount over 0.3 grams since the inception
of the contract has been submitted for biological testing. The compounds and the
quantity submitted are listed in Table II. Some test results have been obtained
on compounds submitted prior to the end of 1979. Where tests have been run the
type of results are indicated. All compounds examined so far have shown no
activity and some toxicity in tests against Leishmania donovani and Schistosoma
mnsoni. Some activity has been observed in antitrypanosomal tests. The highest
activity was displayed by 5-hydroxymethyltubercidin ( ). The results of these
tests are sumrized in Table Ill. Although a cure rate of 80% (4 of 5 mice)
was found at a dose level of 212 mg per kg of body weight, at higher dose levels
the compound proved to be toxic. Because of the relatively high dosage necessary
for cure and the observed toxicity has little promise as an effective anti-
trypanosoml agent. Yet, it is worthwhile to point out the difference in activity

_________________________________________________________

_ • • i ,I9
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between and the parent compound tubercidin. Tubercidin showed no activity at
any dose level from 13.3 mg/kg to 424 mg/kg. At 53 mg/kg 60% of the mice died
as a result of the toxicity. Higher doses led to 100% toxic deaths. Thus,
there is a significant differance between the compounds and the differance is in
line with our original predictions. C-5 substituted derivatives of tubercidin
are more selective than the parent compound. A more definitive statement can
be made once all of the submitted derivatives have been tested. One additional
compound, 3-B-D-ribofuranosyl-2,7-dioxopyrido[2,3-d]pyrimidine (II), synthesized
in conjunction with a National Cancer Institute project was submi ted (1.0 gram)
for biological testing in September 1979 as DEB-7 (WRAIR No. BJ 30627). No
activity was found in the primary curative test for Schistosoma mansoni.

0

NN

0 N

140 0

IV. Experimental

Data on instrumentation and general procedure may be found in the Experi-
mental Section of the Annual Progress Report for the period 1 February 1979 to
31 January 1980. Experimental procedures for preparation of C-5 and C-6 halogen-
ated tubercidin derivatives are given in Appendix A. Procedures for preparation
of 2', 3', 5'-O-Tri(tert-butyldimethylsilyl)tubercidin and data on the reaction
with nitronium tetrafluoborate are given below.

2', 3', 5'-O-Tri(tert-Bulidimethylsilyl~tubercidin()

To 266 mg 01.0 mmol) tubercidin and 817 mg (12.0 mmol) imidazole in 4.0 ml
dry DMF was added 904 mg (6.0 mmoll tert-butyldimethylsilyl chloride and the
mixture was stirred 20 hours at 24 . The reaction mixture was poured into water
and extracted with ether, dried over anhydrous MqSO , filtered and evaporated.
Chromatography on 100 g silica gel eluting with a mJthanol-chloroform gradient
gave, after evaporation of the fractions containing product, 468 mg (77%) of
white crystals. HPLC analysis on ultrasphere 5p ODS using methanol solvent shows
>99% purity monitoring at 270 mm.

1IH-NMR (Ci)Cl, TM5): 8:32 (s,IH), 7.35 (d,lH), 6.36 (d,lH), 6.25 (d,iH), i
4.55 (m,lH), 4.28 (mH), 4.08 (m,lH), 3.88 (m,2H), 0.90 (s,18H), 0.74 (s,gH), 0.11 :

.. , - -- I IIIll ii _O m =N

. . . . . . ,
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(s,12H), -0.10 (s,3H), -0.28 (s,3H); 13C-NMR (DMSO-d ): 157.40, 151.72, 150.51,
121.09, 102.72, 99.91, 86.01, 84.85, 75.42, 74.92, 7.72, 62.97, 25.82, 25.72,
18.04, 17.80, 17.49, -5.48, -4.75.

Nitration of 2', 3', 5'-O-Tri(tert-Butyldimethylsilyl)tubercidin

2', 3', 5'-O-Tri(tert-butyldimethylsilyl)tubercidin (1.82 gm, 3.0 mmol) was
stirred with 6 ml of 0.5M nitronium tetrafluoborate in sulfolane solution (3.0
mmol) at room temperature for 16 hours. The reaction mixture was poured into
water and extracted with ether. The organic phase was dried over anhydrous MgSO4
and evaporated. The reaction product was purified by chromatography on silica

gel eluting with a methanol-chloroform gradient, preparative reversephase chroma-
tography on an RP-8 column eluting with 7% water in methanol, rechromatography on
silica gel and recrystallization from ether-pentane. This product of about 85%
purity by HPLC was again preparatively chromatographed on the RP-8 column using
10% water in methanol. Analytical HPLC showed 95% purity monitoring at 270 nm.
Yield: 45mg. 'H-NMR(CDCl3, TMS): 8.34 (s,IH), 7.08 (d,lH), 6.40 (d,WH), 5.74
(d,1H), 5.18 (m,IH), 4.5-3.7 (m,6H), 0.98 (s,16H), 0.78 (s,9H), 0.18 (s,12H), -0.14
(s,3H), -0.60 (s,3H).

13C-NMR (DMSO-d6): 157.56, 151.32, 149.76, 122.75, 103.34, 99.53, 87.63,
86.41, 79.15, 74 .46 ,b73 .29 , 61.64, 25.75, 25.55, 17.84, 17.50, -4.87, -5.66.
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Summary

5-Mercuritubercidin has proven to be a useful intermediate in synthesis of
C-5 substituted tubercidin derivatives. Because of limitations of the coupling
reaction between olefins, lithium palladium chloride, and 5-mercuritubercidin,
recent efforts have concentrated on synthetic transformations of readily synthe-
sized C-5 modified tubercidin derivatives, and on direct electrophilic substi-
tution of tubercidin. Limitations of the coupling reaction are exemplified
the finding that none of four halogenated olefins, vinyl fluoride, vinyl bri le,
1,1-difluoroethene, and 3,3,3-trifluoropropene gave appreciable amounts of i
duct on reaction with 5-mercuritubercidin and lithium palladium chloride. E
Iodotubercidin, which is obtained by the reaction of 5-mercuritubercidin wil
iodine, did not give 5-cyanotubercidin with any of reagents commonly used t(
transform aryl iodides to nitriles. 5-Hydroxymethyltubercidin was studied a
an intermediate for the synthesis of 5-alkoxymethyltubercidin and 5-alkylamino-
methyltubercidin. Preliminary evidence suggests that the transformation to
alkoxy derivations is workable, but the difficulty in obtaining sufficient 5-
hydroxymethyltubercidin to produce enough of any alkoxy derivatives for bio-
logical testing has greatly limited the approach.

Finally the potential of direct electrophilic substitution of tubercidin was
explored. Bromination of tubercidin by N-bromosuccinimide in N,N-dimethyl-
formamide gave 5-bromotubercidin when unbuffered and 6-bromotubercidin when
buffered with sodium acetate. 5,6-Dibromotubercidin was a minor product under
both conditions. N-Chlorosuccinimide and tubercidin gave 5-chlorotubercidin and
5,6-dichlorotubercidin. Nitration of tubercidin by nitronium tetrafluoborate in
sulfolane gave at least five unidentified products. When the ribosyl of tuber-
cidin was protected by tert-butyldimethylsilyl groups a single unidentified
product was obtained. Te-results of preliminary biological testing show that
C-5 substituted derivatives of tubercidin have little activity against
Leishmania donovani and Schistosoma mansoni. Activity against Trypanosoma
rhodeslense was pronouned, leading in some cases to cures. The compounds are
unlikely'to be of therapeutic value however because of the high does levels re-
quired and the ensuing toxicity.

J
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Table III Activity ol 5-Hydroxymethyltubercidin Against T. Rhodesiense in ICR/NA
Swiss Mice

Dose (g/kg) Cure Mean Survival Timeb (dose) Toxicityc

(1) 0.0265 0 5.2 0
0.053 0 7.4 0
0.106 60% 6.5 0
0.212 80% 12 0
0.424 40% 10 2

(2) 0.106 60% 7.5 0
0.424 80% 1

aThe compound was administered subcutaneously following the procedure of Rane et al6

Five female mice were tested at each dose level.

b Mean survival time of uncured mice.

cNumber of mice dying prior to day 3 because of drug toxicity.

i



Appendix A

Halogenatlon of Tubercidin by N-Bromosuccinimide and N-Chlorosucclnlmlde.

A Direct Route to 5-Bromotubercidin and 5-Chlorotubercidin.

r
D. E. Bergstrom* and A. J. Brattesani

Department of Chemistry
University of California
Davis, California 95616

ABSTRACT

Tubercidin may be directly brominated by reaction with N-bromosuccinimlde

in DMF to give 5-bromotubercidin, a reversible inhibitor of RNA synthesis.

When buffered with sodium acetate the major product is 6-bromotubercidin.

5,6-Dibromotubercidin is formed in minor amounts under both conditions. N-

Chlorosucctnimide and tubercidin give 5-chlorotubercidin and 5,6-dichlorotuber-

cidin.
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INTRODUCTION

5-Bromotubercidi (2) has been suggested as a tool for the study of

polynucleotide metabolism in eukaryotic cells. Reich and coworkers showed

it to be a reversible inhibitor of heterogeneous nuclear RNA and ribosomal

RNA synthesis in cultures of chick embryo fibroblasts, I in addition to

1-3
blocking viral RNA synthesis. The unavailability of 2 has been an impor-

tant factor in its infrequent use. In contrast C-5 brominated pyrimidine

nucleosides and C-8 brominated purine nucleosides have found extensive use

in nucleic acid research. These are readily available by direct bromination

of commonly available nucleosides.4  The only reported synthesis of 2 invoked

bromination of 4-chloro-7-(2',3',5'-tri-O-acetyl-r-D-ribofuranosyl)pyrrolo-

[2,3-d]pyrimidine by N-bromoacetamide in CH2Cl2, followed by treatment with

methanolic NH3* 5,6 5-Chlorotubercidin and 5-iodotubercidin were synthesized

via the same intermediate.

N-Bromosuccinimide (NBS) in DMF has been demonstrated to be a particularly

mild combination of reagent and solvent for electrophilic bromination. 7 The

combination of NBS in DMF has been used successfully for the synthesis of

8-bromoguanosine.8 On the basis of these results the reaction of NBS with

tubercidin was carefully examined.

t iI I IJ _ L t I m I _ _
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RESULTS AND DISCUSSION

We have found that tubercidin (1) can be directly brominated or chlorinated

under carefully controlled conditions. Treatment of tubercidin in N,N-dimethyl-

formamide with N-bromosuccinimide (NBS) at room temperature leads to two products,

5-bromotubercidin (2) and 5,6-dibromotubercidin (3) (Scheme I). These are readily

separated by silica gel chromatography and purified by recrystallization from

methanol. Chlorination of 1 by N-chlorosuccinimide gives 5-chlorotubercidin (5)

and 5,6-dichlorotubercidin (6) under similar conditions.

When the reaction mixture was buffered with potassium acetate the outcome

was entirely different. The major product was now 6-bromotubercidin (4) which

was isolated in 52% yield. By HPLC analysis the yield of 5-bromotubercidin in

this reaction mixture was less than 2%. 5,6-Dibromotubercidin was again a minor

product (3% yield).

In the absence of potassium acetate the amount of 6-bromotubercidin formed

in the reaction was less than 1%. Thus the reaction is exceptionally selective

for either 2 or 4 depending on the absence or presence of an acetate buffer.

We have also tried N-iodosuccinimide in DMF but got no reaction. However,

5-iodotubercidin can be synthesized in two steps from tubercidin via 5-mercuri-

tubercidin.
9'10

Structure proofs were based on 1H NMR, 13C NMR, UV and elemental analysis.

NMR assignments were based on data obtained for a large number of C-5 substituted

tubercidin analogs.10  The effect of the halogen at C-6 on the 1H NMR signal of

H-2' is noteworthy. In one study the signal for 11-2' for adenosine was observed

at 6 4.15 in contrast to 8-bromoadenosine where the signal 
fell at 6 4.77.11

Other sugar protons were not significantly shifted. We have observed a shift of

similar magnitudes for the H-2' resonance between 5-bromotubercidin and 5,6-dibromo-

tubercidin and between 5-chlorotubercidin and 5,6-dichlorotubercidin (Table I).

iI ~ ~~...... ,
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SCHEME I

NH2  Br NH2 Br

N+ N,,

2 Br

R R

NBS,DMF 
2

KC2 H3 02
NH2  NH2

N NBS , . IN Br + 3

N N
R R

R I
1 4

\NC S
CDMF

M NH2  C I 
2

N N
R R

N I

5

RH U 40% 12
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The C-6 position of tubercidin is located in the same relative position as C-8

in adenosine. The large shift in the H-2' signal reflects the conformational

change about the glycosidic bond induced by addition of a bulky substituent.
12

The UV maxima of 2 and 4 were in agreement with the values reported pre-

viously by Townsend and coworkers.

The switch from preference for electrophilic substitution at C-6 in sodium

acetate buffered DMF to preference for C-5 substitution in unbuffered DMF was

unexpected. There is however a reasonable explanation for these results. Simple

resonance structures provide the best means for visualizing relative reactivity

at C-5 and C-6. The site of substitution depends on the relative energies of the

transition states leading to sigma complexes, Ia and II (Scheme II).

On addition of an electrophile to the neutral reactant both N-4 and N-7 can

contribute electron density to the developing o complex. This contribution is

depicted by resonance structures la and lb. In contrast, only H-7 can contribute

electron density by resonance when addition occurs at C-5. Ila would be thE

major contributor to the resonance hybrid.

It is difficult a priori to predict which site would be most favored since

C-6 but not C-5 substitution requires the participation of electrons from the

adjacent pyrimidine ring. By way of comparison the preferential site of electro-

philic substitution on indole is at C-3 (equivalent to C-5) and not C-2. Conse-

quently the deciding factor must be the activation of C-6 by the amino group at

C-4.

Finally, protonation of N-3 or N-4 would deactivate C-6 to a greater extent

than C-5. Attack of III by an electrophile at C-5 would lead to IV in which N-7

continues to play a significant role in stabilization of the a complex. In con-

trast, resonance structures like Ia and lb could not make as significant a con-

tribution to the o complex resonance hybrid structure because of the positive
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SCHEME II Resonance Contribution to Stabilization of Intermediate

a-Complexes in Electrophilic Substitution of Tubercidin
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charge on the pyrimidine.

In the absence of the sodium acetate buffer, HBr produced as a side product

of the bromination reaction may protonate tubercidin to give Il1, and hence

under these conditions C-5 substitution predominates. On the basis of these

results, C-5 substitution by other electrophiles under conditions where N-3 is

either protonated or otherwise complexed with a Lewis acid should predominate.

Probably very few examples of C-6 substitution will be observeO since most electro-

philic substitutions require conditions and reagents that would either protonate

or form a complex at N-3, N-4. Oddly enough the chlorination with N-chlorosuccini-

mide in DMF buffered with sodium acetate gave very little product and no 6-chloro-

tubercidin was isolated.

I

v(



19

EXPERIMENTAL

Nuclear magnetic resonance spectra were taken on Joel, Model PS 100

Fourier Transform NMR and a Varian EM 360 NMR. Ultraviolet spectra were

measured on a Cary 17 spectrometer in methanol. Column chromatography was

done on E. Merck silica gel (70-230 mesh). Thin layer chromatography (TLC)

was performed on Merck silica gel 60 F-254 0.20 mm plastic sheets (solvent

system: chloroform; methanol; ammonia (75;25;0.5)). HPLC was done on a

Waters u-C-18 Bondapak column. (Solvent system: aqueous 0.01 M NH4 H2PO4 ;

acetonitrile.) All reported products were homogeneous under these conditions

on TLC and HPLC. Tubercidin was purchased from Upjohn, Fine Chemicals Divi-

sion, Kalamazoo, Michigan. Elemental analyses,,tiere performed by the micro-

analytical laboratory at the University of California, Berkeley. Melting

points were taken on a BUchi 510 melting point apparatus and are uncorrected.

5-Bromotubercidin (2). A solution of 178 mg (1.0 mmol) N-bromosuccinimide

in 5 mL dry DMF was added dropwise to a stirred solution of 266 mg (1.0 mmol)

tubercidin in 5 mL dry tubercidin at room temperature. The red mixture was

stirred an additional 30 minutes, the DMF Lvaporated at reduced pressure, and

the residue dissolved in methanol and evaporated with 3 g silica gel. Chroma-

tography on 150 g silica gel eluting with a methanol-chloroform gradient gave,

after crystallization from methanol, 83 mg (0.24 mmol, 24%) 5-bromotubercidin.

5-Bromotubercidin softens at 1910 and melts after much darkening and decomposi-

tion at 232-235'.

I:
-u . . . Il .|
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6-Bromotubercidin (4) and 5,6-Dibromotubercidin (3). A solution of 3.56 g

(20.0 mmol) N-bromosuccinimide in 20 mL dry DMF was added dropwise to a stirred

solution of 2.66 g (10.0 mmol) tubercidin and 1.96 g (20.0 mmol) potassium

acetate in 40 mL of dry DMF at 20°C. The red reaction mixture was stirred an

additional 10 minutes, the DMF evaporated at reduced pressure, and the residue

dissolved in methanol and evaporated with 10 g of silica gel. Chromatography

on 300 g silica gel eluting with a methanol-chloroform gradient gave, after

crystallization from methanol, 1.784 g (5.17 nunol, 51.7 %) 6-bromotubercidin,

XMeOH
max m.p. 197-200c d, and 123 ig (0.029 imol, 2.gN) 5,6-dibromotubercidin,

meOH 284 nm, m.p. 225-226'.max

5-Chlorotubercidin (5) and 5,6-Dichiorotubercidin (6). A solution of 266 mg

(2.0 mmol) N-chlorosuccinimide in 5 mL dry DMF was added dropwise to a stirred

solution of 266 mg (1.0 mmol) tubercidin in 5 mL dry DNF at room temperature. The

light orange reaction mixture was stirred an additional 2 hours, the DMF evapo-

rated at reduced pressure, and the residue dissolved in methanol and evaporated

with 3 g silica gel. Chromatography on 150 g silica gel eluting with a methanol-

chloroform gradient gave, after crystallization from methanol, 120 mg (0.40 mmol,

40%) 5-chlorotubercidin, AMeOH 275 nm, and 40 ing (0.12 mmol, 12%) 5,6-dichloro-ma x
tubercidin, MeOH 281 nm, m.p. 124-1250. 4 softens at 191-1920C and melts withmax "

decomposition at 226-228'.
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