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A simple facile synthesis of substituted purine derivatives
has been developed by using Mitsunobu conditions for an
alcohol and a respective nucleobase. A wide range of
alcohols produces good to excellent yieled90%). The

resulting purine analogues show good regioselectivity with
N-9 substitution as the dominant products in most of the

Note

steps and typically gives higher overall yields. However, all
the reported approaches do not work efficiently with electron-
enriched purines such as guanine due to side reacitheee
methods have been reported regarding the formation of the
carbor-base bond for the synthesis of nucleoside analogues:
(a) palladium-catalyzed displacement of an allylic ester or
carbonate; (b) direct nucleophilic displacement of halides or
activated alcohols; and (c) Mitsunobu coupling. The first two
strategies often encounter considerable competition at the N-9
and N-7 positions of the purine bdsand the reactions give
modest yields (usually lower than 60%).

The well-studied Mitsunobu reaction involves two sequential
reactions: the activation of primary or secondary alcohols by
dialkylazodicarboxylate followed by nucleophilic substitutfon.

It was believed that acidic nucleophiles are necessary, since the
dialkylazodicarboxylate must be protonated during the course
of the reaction. Therefore, this reaction was usually applied in
the synthesis of esters, phenyl ethers, thioethers, and amines
(from the nucleophilic addition of phthalimide or hydrogen
azide)!® The Mitsunobu coupling of allylic and benzylic alcohol
with adenine and 6-chloro-2-aminopurine has been reported
previously with good N-9 selectivitit However, poor to modest
yield (20-60%) and limited substrate scope were obsef¢ed,
which significantly limits the application of this method.
Currently, there is no detailed study regarding the Mitsunobu
coupling between a nucleobase and an alcohol available in the
literature. Moreover, in all these methods, direct coupling of
guanine with a nonsugar carbon substrate was unsuccessful. The
only successful synthesis of guanine nucleosides was achieved
by the coupling of 6-chloro-2-aminopurine with carbon sub-
strates followed by nucleophilic aromatic substitution as shown

cases. Application of diastereospecific alcohols reveals @i, scheme 22 The poor overall yields and harsh reaction

complete inversion of the carbon stereogenic center giving

conditions make the synthesis of nonsugar guanine analogues

a single diastereomer. More than two dozen novel nucleobase hig challenge.

derivatives have been prepared in high yield.

Nucleosides are one of the most important fundamental
building blocks in biological systems. Various nucleoside

Our interest in developing novel self-assembled nucleoside
molecular architectures extends our need for facile synthesis of

(4) (a) Bookser, B. C.; Raffaele, N. B. Org. Chem2007, 72, 173~

179. (b) Dolores, V.; Wu, T.; Renders, M.; Laflamme, G.; Herdewijn, P.

analogues have been used in many different research fields toretrahedron2007, 63, 2634-2646.

provide remarkable chemical and biological functions. Some
selected examples include peptide nucleic acid (PNA) mimick-
ing helical DNA! carbocyclic nucleosides as antitumor and
antiviral agentg,and lipophilic nucleosides in the formation of
ion channel and ion carrielsThe involvement of diverse

research efforts and the strong potential of interesting chemical g

(5) Barnes, M. J.; Cooper, N.; Davenport, R. J.; Dyke, H. J.; Galleway,
F. P.; Galvin, F. C. A.; Gowers, L.; Haughan, A. F.; Lowe, C.; Meissner,
J.; Montana, J. G.; Morgan, T.; Picken, C. L.; Watson, RBidorg. Med.
Chem. Lett2001 11, 1081-1083.

(6) Hughes, D. L. The Mitsunobu reaction. larganic Reactions
Oxford: New York, 1992; Vol. 42, pp 335656.
(7) (@) Chen, H.; Li, SJ. Phys. Chem. 2006 110, 12360-12362. (b)
obins, M. J.; Zhong, MJ. Org. Chem2006 71, 8901-8906. (c) Garner,

and biological properties produce a great need for the effective P.; Yoo, J. U.; Sarabu, Rletrahedron1992 48, 4259-4270.

synthesis of novel nucleoside analogues. Currently, two ap-

proaches are applied for the preparation of nucleoside ana-

logues: direct coupling of a base with a carbon substiztel
construction of purines and pyrimidines from respective ami-
noalkanes$.In general, the first route usually involves fewer

(1) (a) Porcheddu, A.; Giacomelli, Gurr. Med. Chem2005 12, 2561
2599. (b) Nielsen, P. EPeptide Nucleic Acids2nd ed.; Horizon Bio-
science: Norfolk, 2004; pp 267226.

(2) (a) De Clercq, Elnt. J. Antimicrob. Agent2001, 18, 309-328. (b)
Nord, L. D.; Dalley, N. K.; McKernan, A.; Robins, R. K. Med. Chem
1987 30, 1044-1054.

(3) (a) Davis, J. TAngew. ChemInt. Ed.2004 43, 668-698. (b) Ma,
L.; lezzi, M. A.; Kaucher, M. S.; Davis, J. T. Am. Chem. So2006 128
15269-15277.
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(8) Chen, W.; Flavin, M. T.; Filler, R.; Xu, ZNucleosides Nucleotides
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TABLE 1. Screening of Reaction Conditions between Guanine and Primary Alcohdl

OR2 OR?
N DIAD, PPhy N~
TBSO_~oy + ¢ fj\l\ 1 ¢ )'N\ 1
NSy R NSy R
H H TBSO™ Y H
1 2 3
2a R'=R?=H; 2b R'=R%*=Ac; 3d R'= Ac R2=CONPh,
2¢ R'=R2=COCF3; 2d R'= Ac R2=CONPh, 4a R'=R%=H
entry method ROH (equiv) purine base (equiv) solvent teta) ( yield (%)
1 A 1.0 1.0 equiv, R=R%=H THF 70 0
2 A 1.0 1.0 equiv, R=R2= Ac THF 70 0
3 A 1.0 1.0 equiv, R= R2= COCR THF 70 0
4 A 1.0 1.0 equiv, R= Ac; R2= CONPh THF 70 58
5 A 1.0 1.0 equiv, R= Ac; R2= CONPh DMF 70 47
6 A 1.0 1.0 equiv, R= Ac; RZ= CONPh CH3CN 70 38
7 A 1.0 1.0 equiv, R= Ac; R2= CONPh DCE 70 36
8 A 3.0 1.0 equiv, R= Ac; R2= CONPh THF 70 62
9 B 2.0 1.0 equiv, R= Ac; R?= CONPh DMF 70 65
10 B 2.0 1.0 equiv, R= Ac; RZ= CONPh CH3CN 70 57
11 B 2.0 1.0 equiv, R= Ac; RZ= CONPh DCE 70 43
12 B 2.0 1.0 equiv, R= Ac; RZ= CONPh THF 70 93

aMethod A: A mixture of guanine or protected guanine (1 equiv), alcohol (1.05 equiv} @RS equiv), and DIAD (1.05 equiv) was stirred in the
designated solvent (0.1 M) at ?C for 12 h. Method B: A mixture oRd (1.0 equiv), alcohol (1.0 equiv), PRPK1.05 equiv), and DIAD (1.05 equiv) in
anhydrous THF (0.1 M) with Nprotection was stirred at 70C for 6 h. Then alcohol (1.0 equiv), PP{L.05 equiv), and DIAD (1.05 equiv) were added
sequentially and the resulting mixture were heated at@@or another 6 h? Isolated yields.

SCHEME 1. Literature Reported Synthesis of Nonsugar overall yield)!6 is found to be the best protecting group,
Guanine Analogues producing the desired coupling product in a moderate yield
cl (entry 4). Notably, only the desired N-9 substituted product is
(Nle | ¢ . 2 observed in this coupling reaction.
N \NJ\NHZ (fj“\ (fj‘\” During reflux in anhydrous THF, all of the alcohol is
X H N7 N7 NH, ag. NaOH N7 N NH, consumed witli 4 h while some of the protected guanine
R1)\R2 R)\F{ R{” "R i i i
i Re 7 Re remains unreacted. It is reasonable to hypothesize that the
<30% overall yield activated alcohol undergoes significant decomposition side

reactions, which causes the low yield of the coupling product.

different nonsugar guanine analogdésierein, we report an  An increase in the amount of alcohol and DIAD also increases
efficient and practical synthesis of nonsugar nucleosides usingthe rate of the side reactions, resulting in only slight improve-
optimized Mitsunobu coupling of guanine and a variety of ment of the desired guanine coupling (entry 8). A different
alcohols with excellent N-9 selectivity and good-to-excellent reaction condition includes the addition of one more equivalent
yield. The reaction between a simple primary alcohol, TBS- of the activated alcohol afité h of reaction (method B). This
protected ethylene glycol, and guanine derivatives was first modification significantly increases the yield of the guanine
studied and the results are summarized in Table 1. product by consuming all the purines. Screening of the solvents

It is known that alcohol can be activated by dialkylazodi- reveals that THF is the best solvent for the desired reaction.
carboxylate even at low temperature. Both guanine and protectedCompound3d can then be readily converted to the desired
guanine have poor solubility in nonpolar organic solvents such nonsugar guanine analogde by treatment with a 1:1 mixture
as anhydrous THF, which is usually considered to be the bestof ammonia and methanol solution at 8D with >95% yield16
solvent for the Mitsunobu reaction. Since purines are not great To the best of our knowledge, this method is the first example
nucleophiles for activated alcohols, dilution of the reaction jn the literature that directly couples alcohols with guanine
causes significant increase in the reaction time and leads to anycleophiles. Compared to the current approach in the literature
poor yield of the desired coupling produétTo increase the  (Scheme 1), this new strategy will yield the nonsugar carbon
purine base solubility, the reaction is carried out atZDwhere guanine analogue in a more efficient way with much higher
both guanine and protected guanine are partially soluble. As gyerall yield. Therefore, this method provides a very practical

shown in Table 1, both guanine and diacetyl guanine (entry 2) gynthesis of novel guanine nucleosides. The substrate scope of
do not generate the coupling product. To increase the acidity 5iconhols is summarized in Table 2.

of the nucleophile, trifluoroacetate-protected guanine is used
in the coupling reaction (entry 3). However, no coupling product
is observed. TheO-carbamateéN-acetate protected guanine,
which can be readily prepared from guanine in two stef20%o

As indicated by Table 2, a large group of different alcohols
produce the carbenguanine products with use of the optimized
conditions, including primary alcohols, secondary alcohols,
allylic alcohols, propargyl alcohols, benzylic alcohols, étct-

(14) (@) Shi. X.: Fettinger, J. C.. Davis, J. Angew. Chem Int, Ed. Butyl .alcohol was also reacted with protectgd guanine, but no
2001, 40, 2827-2831. (b) Shi, X.; Mullaugh. K. M.; Fettinger, J. C.; Jiang, coupling product was observed due to steric hindrance on the

Y.; Hofstadler, S. A.; Davis, J. TJ. Am. Chem. So@003 125, 10830~ tertiary carbon. With all these substrates, the carlguranine
10841.

(15) When2d and 1 were reacted at room temperature under diluted
conditions,3d was obtained in less than 10% isolated yield even after (16) (a) Zou, R.; Robbins, M. Lan. J. Chem1987, 65, 1436. (b) Choo,
running the reaction for 16 h. H.; Chong, Y.; Chu, C. KOrg. Lett.2001 3, 1471-1473.
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TABLE 2. Reaction Substrate Scope in the GuanineAlcohol TABLE 3. Investigation of Purine Based
Coupling? R! R
0] N~ DIAD, PPhg; THF, 70°C, twice N SN
JC ph rom * ¢ fi ¢ f\/)\
o” "N’ o ﬁ N7 R2 R,N N"R2
NN Ph 1) DIAD, PPhy; THF, 70°C, twice ~ N NH 5 6
RO+ ¢ I I ac 2 14 Negrgomeor s an . AL L Ent Alcohol R R Yield of N-9 Product (%)
N7 ¢ 2) 1:1 NHg-H0/MeOH, NTSNTNH, ntry cono [Yield of N-7 product (%)']
H I ¢ H 6a:89 [0]
x 4 2 cl cal 6b:90 [6¢: 5]
Entry TBS/(\)lcohol Product Yield (%)° 3 ok NI, 0 om0
1 ~"oH 4a 86 7 NI, NH, 0101
2 "o 4b 85 5 NHAc | NHAc 0101
6 cl H 6d:78 [0]
3 XN 4c 83
OH 7 /L OH cl €] 6¢°:88
4 w OH 4d 85 8 NN Cl H 6£:87 [0]
9 o cl cl 62:88 [0]
5 )\0H de 76 10 - on al H 6h:89 [0]

OH 11 Cl Cl 6i°:86 [0]
6 ©/\ 4f 81 12 Cl H 6§:85 [0]
13 oH Cl Cl 6k:96 [0]

OH 14 ©/\ NH H 0[0]

7 E;@ ag 7 15 NH, NH, 00]

16 NHAc¢ NHAc¢ 010]

OH 17 OH a H 61:77 [0]
8 @ 4h° 78 18 @ a a 6m©:75 [6n:17]
19 PH a H 60:74 [0]
©:>—OH 4i 74 20 @6 cal a 6p:76 [6q°:18]
21 a 0 6r°:81 0]
10 TBso/mOH 4 34 2 Q:}OH a a 65°:88

aSame reaction condition as in Tableb2solated yields¢ Structure was
confirmed by X-ray crystallography.

aReaction condition: A reaction mixture afl (1.0 equiv), alcohol (1.05
equiv), PPB (1.05 equiv), and DIAD (1.05 equiv) in anhydrous THF (0.1
M) with N, protection was stirred at 76C for 6 h, then alcohol (1.05

equiv), PP (1.05 equiv), and DIAD (1.05 equiv) were added sequentially Cl NH,
and the resulting mixture was heated at°@for another 6 h° Isolated N X 1) NaNa. EtOH/H.O N X
yields. ¢ Structure was confirmed by X-ray crystallography. </ | /N ) NaNa, 2 ¢ //’1
NTSNT>cr 2) PdiC, Hy, EOH NTSNTNH,
R R
products were prepared in good-to-excellent yields by using this 7 85-00% yielg in two steps

two-step combination. 8a: R = nBu; 8b: R = TBSOCH,CHy;
It is known in the literature that 6-chloropurine, 2,6-

dichloropurine, and 6-chloro-2-aminopurine are able to couple FIGURE 1. Preparation of diaminopurine derivatives from compounds
with selected alcohols under Mitsunobu conditions. However, 7- Reaction condition: the mixture of compoufd(1.0 equiv) and
the alcohols are limited to allylic and benzylic positions and Nahe (2.5 equiv) in EOH/HO (5/1 volume ratio) was refluxed for 2

tion yields are not satisfactory in all of the cases-&W). h, then the solvent was removed under reduced pressure, and the
reac Y ! y : . resulting crude product was hydrogenated in EtOH in the presence of
The chloropurines are much more soluble in THF than guanine pg/c (10 mol %). Yield: 86% foBa and 88% for8b in two steps,
derivatives. Therefore, the reaction can take place at room respectively.
temperature. However, low yields of the coupling products are

observed due to the side reactions associated with the pookyjth specific more reactive alcohols. These results may be due
nucleophilicity of purines. Different purines have been inves- (5 the poor solubility of the bases. An easy conversion of the
tigated as the nucleophile by using the optimized reaction chjoropurine to the respective aminopurine compounds has been
conditions (Table 3). developed and the target aminopurine carbon nucleoside is
As shown in Table 3, the more soluble purines indeed obtained in excellent overall yiel. Therefore, the substrate
generate the desired coupling products in good yields under thescope of this reaction can be extended even further.
optimized reaction condition. For 6-chloropurine, only N-9  The stereochemistry control of this reaction has also been
coupled compounds are obtained, while for 2,6-dichloropurine, investigated. In the conventional Mitsunobu reaction, the
N-7 compounds are observed as the minor products in somenucleophiles are believed to undergo an SN2 mechanism.
cases. This observation can be attributed to the lower electronTherefore, a complete conversion of the stereogenic center is
density of 2,6-dichloropurine, which results in competition of expected. Several diastereospecific alcohol derivatives have been
the nucleophilicity at the N-9 and N-7 positions. These two employed to evaluate the stereochemistry of this conversion and
regioisomers can be separated by column chromatography andhe results are listed in Table 4.
the structures are determined by X-ray crystallography (Sup-
porting Information). (17) (@) Sznidman, M. L.; Du, J.; Pesyan, A.; Cleory, D. G.; Hurley, K.

; ; _Aiami ; ; P.; Waligora, F.; Almond, M. RNucleosideNucleotides & Nucleic Acids
Nel_ther adenine nor 2,6_d|am|nopur|ne produces the desired 2004 23, 1875-1887. (b) Tiwari, K. N.. Messini, L. Montgomery, J. A
coupling product with a simple alcohol, although they were gecrist, 3. ANucleoside Nucleotides & Nucleic Acidg001 20, 743~

reported as possible purine bases in the Mitsunobu coupling, 746.
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TABLE 4. Stereochemistry Control of the Nucleobase-Mitsunobu Experimental Section
Reactiorf—¢
al o General Procedure for Mitsunobu Coupling. The substituted
N Ay N NH purine or protected guanine (1.0 equiv) was added to a solution of
Basel= ¢ | J Base2= ¢ | By alcohol (1.05 equiv) and PRIL.05 equiv) in anhydrous THF under
v.,’ﬂ N M’:‘, N™ "NHp an N, atmosphere. The resulting suspension/solution was treated

with diisopropyl azodicarboxylate (DIAD, 1.05 equiv) and the

Starting Materials Products reaction mixture was then stirred at 70 for 6 h. Then the second
oH Bacor Base portions of alcohol (1.05 equiv), PR{L.05 equiv), and DIAD (1.05
O’ % O 10a O 10b equiv) were added to the reaction mixture sequentially. The mixture
“'OTBS oTBS ~0oTBS was stirred for anothie6 h at thesame temperature. The mixture

3 _ 3 _ . . .
Ji2=71Hz 73 %, 1., =44 Hz 81%,J,,’=45Hz was cooled, treated with saturated sodium chloride, and extracted

with dichloromethane. The combined organic layer was then washed

O:OH o .Base1 wBase2 with water and dried over anhydrous sodium sulfate. The solvent
oTBS otes 10¢ otes 10d was removed under reduced pressure. Flash silica gel chromatog-
=47Hz 76 %, J, ; =7.3 Hz 84 %,J,,> =78 Hz raphy gave the pure product.
Deprotection of the Protected Guanine 3.The protected
@Same reaction conditions as shown in Table’ Bolated yields. guanine3 was dissolved in a mixture of ammonia/methanol (1:1).

¢ Coupling constant between €H and C2-H for the determination of  The resulting solution was heated at 80 for 2 h. The solvent
relative stereochemistry.Structure was confirmed by X-ray crystallography. was removed under reduced pressure and the crude product was
purified by flash silica gel chromatography.
In all the examples, a single diastereomer is obtained. The Synthesis of Diaminopurine 8 A solution of 2,6-dichloropurine
relative stereochemistry of all the compounds has been deter-7 (1.0 equiv) and Na(2.5 equiv) in EtOH/HO (5/1 volume ratio)

mined by NMR and the complete inversion of the alcohol Was refluxed for 2 h. Then solvent was removed under reduced
ter ni nter i rved. Th results ar nsistent witRressure to give the crude product, which was hydr_ogenated in
stereogenic center is observed. These results are consiste EtOH in the presence of Pd/C (10 mol %). The resulting mixture

the SN2 mechanism and strongly enhance the application (.)fwas passed through celite, concentrated, and purified by flash silica
the reported method as a general approach for the stereospecifi¢, |, mn chromatography.

synthesis of carbon nucleosides.
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