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To study the ribosomal peptidyl transfer, puromycin analogues are of interest in which adenine has been replaced by hypoxanthine. We
synthesized inosine puromycin analogues from 3 '-azidodeoxyadenosine derivatives using adenylate deaminase for the quantitative transformation
of the N-heterocycle. The amino acid coupling was carried out under Staudinger —Vilarrasa conditions in 94% vyield starting from the protected
and in 82% using the unprotected azide, thus, in the presence of two hydroxyls and a lactam function.

Natural puromycin contains a dimethylamino group that sponding inosines. The broad substrate specificity of these
replaces the usual N-heterocyclic 6-amino group with its enzymes on nucleosides modified either on the purine base
adenine moiety. Whereas natural puromycin inhibits in vivo or in the ribose moiety has long been knoWwiihe ADA

the growth of bacterial colonies by interrupting the bacterial reaction is thought to proceed via a tetrahedral intermediate
ribosomal protein synthesis, which can be quantified in vitro at C-6 of the base. A similar mechanism may account for
in protein synthesis inhibition assays, the 6-amino puromycin AMPDA as well?>~# The use of enzymes in organic synthesis
analogued is only active in vitro but completely inactive in
vivo. Adenosine deaminase (adenosine aminohydrolase, (1) (a) Cory, J. G.; Suhadolnik, R. Biochemistry1965,4, 1729. (b)
ADA, EC 35.4.4) and adenylate deaminasea@enylic acid gLk & Jiochemisuyioes.4, 1733, (d) Minato. S, Nakarish
deaminase, AMP deaminase, AMPDA, EC 3.5.4.6) are . J. BiochemistryL967,62, 21. (e) Zielke, C. L.; Suelter, C. H. Mhe
ubiquitously occurring metalloenzymes that belong to the Enzymes; Boyer, P.D., Ed., Academic Press: New York, 1971; prés
class of hydrolases and catalyze the irreversible hydrolytic ¢ (Rasieen’m b3 Meg Cremioor so. Sase o~ 1 Stevens: W

deamination of adenosine and its derivatives to the corre- (3) Merkler, D. J.; Kline, P. C.; Weiss, P.; Schramm, VBiochemistry
1993,32, 12993.
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is now widely accepted and will continue to gain momentum EtOH (33%) followed 1 M TBAF/THF to give puromycin
as more synthetic research utilizes enzymes as alternativederivative3 in 70% yield which was enzymatically deami-
and more desirable sources for specific biocatalysis. This isnated in the presence of AMPDA in phosphate buffer at pH
particularly true for the field of nucleoside chemistrtDA 6.5 and 38°C to furnish after 5 h the target inosine
and AMPDA are commercially available and have been used puromycin analogué in a quasi-quantitative isolated yield.
as biocatalysts for chemoenzymatic transformations to Stirring the reaction at 25 instead of 38 resulted in a much
convert purine nucleoside derivatives into a variety of prolonged deamination period of 48 h, yet still in quantitative
compound$ that often show interesting pharmacological yield. No deamination whatsoever ®fwell soluble in water)
properties. Enzymes are also environmentally friendly was observed at 3& when AMPDA was replaced by ADA,
resources that function best under aqueous conditions, thusnost probably owing to the steric hindrance at thpdition
decreasing the needed amount of toxic organic solvents. of the ribofuranose moiety (vide supra).

Compared with ADA, the properties and the possible use The second route, pathway B, began with the total
of AMPDA as a biocatalyst are much less exploted.  deprotection ob in one pot using CENH,/EtOH (33%) fol-
Information available from the literature seems to indicate |owed by 1 M TBAF/THF to give the unprotected-&zido-
that AMPDA is able to accept a wider range of substrates deoxynucleosid@ (Scheme 1). The enzymatic deamination
but is less stereoselectivdt was gratifying for us to find of 7 could be carried out with both ADA or AMPDA in
that all tested compounds were substrates for the catalyticphosphate buffer (at pH 7.0 or 6.5, respectively). Both
action of AMPDA and that this enzymatic deamination enzymes were equally capable of deaminating this substrate
allowed a viable preparation of the hypoxanthine derivatives jn a few minutes €20 min) at 25°C and gave the resulting

1, 2, and 8 from the adenine derivative8, 4, and 7,
respectively (Figure 1 and Scheme 1).
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Figure 1. Puromycin analogues.

We previously reported the synthesis of compouddad
4 from adenosine under optimized experimental conditidns.

Here, we present an alternative that gives direct and simple
access to the corresponding unprotected inosine puromyci

analogues. To obtain target compouheve proceeded via
two synthetic routes (Scheme 1).

The first one, pathway A, started from fully protected 2
azidodeoxynucleosid® that was first coupled with the
1-oxybenzotriazolyl ester di-Fmoc-Omethyltyrosine to
give 6 in 94% yield under the recently published Staudirger

3'-azidodeoxyinosine derivativ8 in close to quantitative
yield (>98% after chromatography).

The coupling of8 with the 1-oxybenzotriazolyl ester of
N-Boc-O-methyltyrosine under the same Staudingéilar-
rasa conditions resulted in compoudih a remarkably good
yield (82%) despite the presence of two hydroxyl groups
and a lactam function. Compourdwas then deprotected
with CFCOOH in water (3:7) to give the inosine puromycin
analoguel in 80% vyield after chromatography over silica
gel and lyophilization.

Previously synthesizé® compound (Figure 1) was also
subjected to an enzymatic deamination with AMPDA in
phosphate buffer at pH 6.5 and 38 to give afte 5 h the
inosine 2'-deoxyfluoropuromycin analog@en a quantita-
tive yield. Like 3, compound} was no substrate for ADA at
38°C.
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Scheme 1. Syntheses of Inosine Puromycine Analogu®sing Two Pathways
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Earlier investigations already demonstrated that both prolongued reactions times, replacement of thhy2iroxyl

enzymes, ADA and AMPDA, could tolerate some substitu-
tion at the 2/3-positions. However, AMPDA seemed a more

group by fluorine, and most interestingly, much bulkier
substituents at the ®osition impossible to handle by ADA,

versatile biocatalyst, since it converted a larger number of all of which makes AMPDA a highly welcome alternative.
adenosine into the corresponding inosine derivatives in a timeAMPDA is commercially available as a practical lyophilate

well suitable for preparative purposeSantaniello et al.’s

powder, and the cost per unit of reactivity may be some 30%

studies showed that solubilizing the substrate with a few lower than that of ADA. The experimental workup of large

percent of a cosolvent like pyridine or DMSO reduced

amounts of bulk enzyme poses absolutely no problems even

somewhat the deamination rate of ADA, and the recovery for as highly polar molecules as our target compounds. A
of the products often proved troublesome. However, the samesimple filtration of the reaction mixture over a short silica

reaction at 56-60 °C rendered many substrates soluble in
water, and the ADA enzyme still showed good activity.
Generally, a quite high tolerance of ADA for changes in the
N-heterocyclic positions 2 and 6 (to be hydrolyzed) is
observed, yet steric hindrance at tHe&hd 3'-positions, or
if bulky groups other than OH are present at thgasition,
disfavors the complete fitting of the substrate within the
active site of ADA, which leads to a slow reactivity or even
total inhibition12-14

With this communication we wish to, first, add new

evidence for AMPDA's tolerance toward higher temperature,
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gel column using a step gradient mixture of ethyl acetate
methanol—water as the eluant provides, after lyophilization
from water, solid product material in high yields and
chemical purity (see the Experimental Part in the Supporting
Information).

Second, the recently published optimized Staudinger
Vilarrasa coupling condition®¥?¢which provide high yield
access to amides directly from sterically demanding azides,
proved much more chemoselective than observed under other
modified Staudinger conditiori8 The activation of the Boc-
amino acid by HOBt does not lead to significant side
reactions when coupled to an iminophosphorane that contains
at least two competing nucleophilic centers in addition to
the one generated by the in situ addition of tributylphosphine
to 2,5-dihydroxyazide8 (Scheme 1). The new synthetic
intermediates and target compounds were characterized
through MS andH, *°F, and**C NMR (Supporting Informa-
tion) and will be subjected to biological assays. A more
systematic investigation of this minimal protection version
of the StaudingerVilarrasa coupling is currently underway
(such as, for instance, the direct conversiory afito 3).

(15) Kimmerlin, T.; Seebach, Dl. Peptide Re2005, 65, 229.
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Supporting Information Available: Experimental pro- This material is available free of charge via the Internet at
tocols and chromatographic and spectroscopic characterizahttp://pubs.acs.org.
tion of all new synthetic intermediates and final products. 0L070818Q

2790 Org. Lett, Vol. 9, No. 15, 2007



