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ABSTRACT

Direct arylation of the exocyclic amino groups of nucleosides represents a simple approach to N-aryl nucleoside derivatives. To date, one
limitation has been that only electron-deficient aryl bromides and triflates possessed adequate reactivity for efficient, direct N-arylation of
nucleosides. We demonstrate herein that Pd  —Xantphos catalytic systems lead to successful N-arylation of suitably protected 2 "-deoxyadenosine
and 2'-deoxyguanosine with a wide range of aryl bromides.

Palladium-catalyzed C—N bond formation is emerging as a Generally, the most effective method for aryl amination
powerful technique for the synthesis of unusual and biologi- of nucleosides involves the reaction between a halogenated
cally important nucleoside derivativésThis method has  nucleoside and an arylamine, mediated by a suitable Pd
yielded nucleoside conjugates of carcinogens and mutagendigand complexX'2 Although there are also recent examples
at the C-6, C-2, and C-8 positions that can be used for of aryl amination by a direct displacement of halides or other

structural, biochemical, and biological studfeg. leaving groups from the C-6 position of purine nucleosides,
the applicability of these reactions to electron-deficient
* Grand Valley State University. aniline derivatives is presently unknowt.®
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A simple synthesis ofN-aryl nucleosides is through POy lowered the yield (45%% Finally, combinations of Pd
the use of the nucleoside as the amine donor in Pd-(dba}and ligandd. -1, L-2, andL-3 with C$CO; or K3PO,
mediated amination reactions. Although this has been were tested. In these cases, no product formation to low
tested with protected adenine and guanine nucleosides]evels of product formation were observed (see the Support-
typically only activated (electron-deficient) aryl bromides ing Information for a comprehensive table of results).

and triflates produced good yiel#8%17 In our own work, Formation of aN®,Né-dimer has previously been observed
we have encountered only limited applicability of this when stoichiometric amounts @fwere employed that could
method® be suppressed by use tfin excess® Therefore, in the

Recently, we have been studying the use of Rdntphos ~ present study, 30% exce$svas used.
complexes for amination reactions of nucleosides with  These initial experiments helped establish the combination
azolest® In this context, we decided to reevaluate the use of of Pdy(dba)/L-4/Cs,CO; as optimal for successful reaction.
protected nucleosides in amination reactions with aryl The special properties di-4 such as the possible trans
bromides. P& Xantphos combinations have been utilized for coordination and the presence of the apical oxygen atom that
the synthesis of aryl amind-2leoxyguanosine derivativé$, can enable cistrans isomerization of oxidativeaddition
but only limited success has been realized fésaly/lation?® complexes are likely contributions to the effectiveness of
This communication demonstrates a generally good utility this ligand when compared to-3, which like L-4 is also
of Pd—Xantphos complexes in effecting arylation at the capable of bis coordination.
exocyclic C-6 and C-2 amino groups of purine 2'-deoxyri-  Next, the generality of this direct arylation was probed.
bonucleosides. Aryl bromides of varied electronic nature and substituents

Initial experimentation began by assessing conditions for were utilized, and the results of these experiments are
the amination of bromobenzene with the easily prepar®&i 3  collected in Table 1. The results in Table 1 clearly show
bis-O-(tert-butyldimethylsilyl)-2-deoxyadenosiné&. Four that good to excellent yields df®-aryl 2'-deoxyadenosine
ligands were selected for this analysis (Figure 1). Pd(@Ac) analogues can be obtained. The reaction works well with
ortho-substituted aryl bromides (entries 2, 4, 9, and 12). As
expected, electron-deficient aryl bromides undergo amination,
but more remarkably, electron-rich aryl halides also react
O O oen quite well. The naphthalene systems are slower reacting

2

O O (entries 10—12), and among the three, the least-hindered
Bu-tert PPhy o 2-bromonaphthalene reacts fastest. It is currently not clear
O P Bu-tert OO PPhz why the 4-acetyl and 4-formyl bromobenzenes react slowly
O PPh: compared to the 4-cyano. Nevertheless, good conversions
L-3 L-4 were observed in each case.

\T O Cy
Cy e
L-1

L-2
Confirmation of the arylation site was obtained via two
methods. Because we have synthesizedd, 2g, and2m
via a C—N bond formation between an arylamine and a C-6
bromo nucleosidé1°unequivocally establishéti NMR data
could be directly compared in these cases. Second, as
representative examplédC NMR spectra oRc and2gwere
compared to those of the products obtained viaNCbond
formation of the C-6 bromo nucleoside with the respective

Figure 1. Four ligands selected for analysis.

and Pd(dba} were utilized as the metal source, and toluene
was chosen as solvent. At 9C, the combination of Pd-

(OAc),, any one of the ligandk-1, L-2, or L-3, and either

CsCO; or K3PO, as base led to no discernible product
formation over a 24 h period. On the other hand, 10 mol % . . :
of PA(OAC)/15 mol % ofL-4 with either CsCOs or KspQ,  2/amine® (see the Supporting Information). These com-
(1.4 equiv) led to low yields of the desired produst20%), parisons indicated the arylation reactions to occur at the N

and 10 mol % of Pd(OAgJ10 mol % of L-4/1.4 equiv of hAtter?“O” was nex ‘:;)Cused 0”'5_80"?]’9“%”09”9:'_A';j f
CSZCO3 gave a 48% yleld IntereStingly, 10 mol % Ofd:)d t oug Unprotecte -deoxyguanosine has been utilized for

(dba}/15 mol % ofL-4/1.4 equiv of CsCO; led to some Sff'c'i';,t Cc-C bgnd formlm% reactions '3 22‘;?“90”5 g1e
yield improvement (59%), but replacing £30; with Kg- lum,™it was subsequently demonstrated that/dprotecte
guanine may retard the rates of-C bond formation via N
i on .
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(20) While this manuscript was under review, arylation of unprotected ligand was used with 10 mol % of Rdba}.
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Table 1. Reactions of Various Aryl Bromides with
3',5'-Bis-O-(tert-butyldimethyl)-2'-deoxyadenosine

NH, Pdy(dba)s
N N Xantphos

Ar.

NH
4 N cs,c0 N~ SN
TBDMSO ¢ 1 J _©%9%  1ppuso <A
o )TN o NN
PhMe, 90 °C
TBDMSO 1 TBDMSO 2a-m
entry Ar-Br time (h)” product, yield’

s o
MeO

6 or
NC

7 cr
Ac

: o
OHC

9 fj

10

1

o
=
©

SC

13

aReaction conditions: 0.42 mmol of nucleoside in 3 mL of PhMe, 10
mol % of Pd(dba), 15 mol % of L-4, 1.4 equiv of CsCO;, 90 °C.
b Reactions were monitored for completion by TLXYield is of isolated,

purified product.

2

24

24

47

22

48

18

2a: 59%
2b: 75%
2¢'%70%
2d4'°: 88%
2e: 61%
2: 94%
2g'%: 84%
2h: 95%
2i: 98%

2j: 98%

2k: 82%

2L: 87%

2m®: 53%

easily prepared’ ®"-bis-O-(tert-butyldimethylsilyl)-O-meth-
yl-2'-deoxyguanosing.?® The results from these experiments

are summarized in Table 2.

The initial experimentation made it evident that the Pd-
(OAcC)./L-4/tert-BuONa combination was suitable for>N
arylation of3. Although Pd(dba) was useable in this case,

(25) Lakshman, M. K.; Ngassa, F. N.; Keeler, J. C.; Dinh, Y. Q. V.;

Hilmer, J. H.; Russon, L. MOrg. Lett.2000,2, 927—-930.
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Table 2. N2-Arylation of 3',5'-Bis-O-(tert-butyldimethylsilyl)-
Ob-methyl-2'-deoxyguanosine with Bromobenz&ne

OMe OMe
N X N X
N N
TBDMSO < 2 TBDMSO ¢ P
N™>N"""NH, NT>N"NH
o 0]
TBDMSO 3 TBDMSO 4
time,?
entry 3:Ph—Br catalytic system, solvent, temp result
1 1:1 10 mol % of Pd(OAc)s, 10 mol % of L-4, 24 h,
1.5 equiv of tert-BuONa, PhMe, 85 °C  33% yield®
2 1:2 10 mol % of Pd(OAc)z, 10 mol % of L-4, 1h,
1.5 equiv of tert-BuONa, PhMe, 85 °C  88% yield®
3 1:2 10 mol % of Pd(OAc)s, 10 mol % of L-4, 24 h,

1.5 equiv of tert-BuONa, DME, 85 °C  trace?
4 1:2 20 mol % of Pd(OAc)s, 20 mol % of L-4, 1h,

1.5 equiv of tert-BuONa, PhMe, 85 °C  89% yield®
5 1:2 30 mol % of Pd(OAc)2, 30 mol % of L-4, 1h,

1.5 equiv of tert--BuONa, PhMe, 85 °C  68% yield®
6 1:2 10 mol % of Pd(OAc)s, 15 mol % of L-4, 24 h,

1.5 equiv of tert-BuONa, PhMe, 85 °C  trace?

7 1:2 10 mol % of Pd(OAc)s, 20 mol % of L-4, 24 h,
1.5 equiv of tert-BuONa, PhMe, 85 °C  incomplete?
8 1:2 10 mol % of Pd(OAc)s, 30 mol % of L-4, 24 h,

1.5 equiv of tert--BuONa, PhMe, 85 °C  incomplete?

a Reactions conducted with 0.08 mmol of nucleoside in 1 mL of solvent.
b Reactions were monitored by TLEYield is of isolated, purified product.
d Product formation was observed by TLC but was not isolated.

as for the arylation ofl, the results were inferior in
comparison to Pd(OAg) Other critical factors also came to
light in Table 2: (a) in contrast to the reactionsigfa 1:2
ratio of 3 to bromobenzene is necessary for effective
conversion (entry 1 vs 2); (b) use of PhMe as solvent is
critical (entry 2 vs 3); (c) a 1:1 stoichiometry of Pd/ligand
results in reasonably good product yields (entries 2, 4, and
5); and (d) an increase in ligand concentration relative to Pd
is detrimental to the reaction (entry 2 vs 6—8).

With these results in hand, we conducted the next series
of experiments with Of-benzyl-3,5'"-bis-O-(tert-butyldi-
methylsilyl)-2-deoxyguanosing,** where the ®protecting
group can be readily removed by catalytic debenzylation.
The results from the arylation & with bromobenzene are
shown in Table 3.

Results in Table 3 parallel those in Table 2 and lead to
some additional understandings. As wish the ratio of
nucleoside to bromobenzene is important (entry 1 vs 2), and
use of PhMe as solvent continued to be a critical factor (entry
2 vs 3). A 1:1 ratio of Pd/ligand provided satisfactory results,
although in this case both 10 mol % of Pd(OA&pP mol %
of L-4 and 30 mol % of Pd(OAg)30 mol % ofL-4 produced
comparable yields (entries 2 and 4). Use of the weaker bases
K3PO, and CsCO; was ineffective for the arylation reaction
(entries 5 and 6). Interestingly, a good yield6Gzf could be
realized even at a catalyst loading of 5 mol % of Pd(QAc)
mol % of L-4, although the reaction was a little slower and
produced a lowered yield.

Having completed the optimization experiments with two
Of-protected 2deoxyguanosine derivativsand5, the next
set of experiments involved an assessment of the generality

4615



Table 3. N2-Arylation of O%-Benzyl-3',5'-bis-O- Table 4. Reactions of Various Aryl Bromides with
(tert-butyldimethylsilyl)-2'-deoxyguanosine with Bromobenzene  08-Benzyl-3',5'-bis-O-(tert-butyldimethyl)-2'-deoxyguanosine
Ph/\o Ph/\o Ph/\o Pd(OAC)g, ph/\o
N f\ Xantphos, N f\
N X NN SN SN
N N 2 tert-BuONa, 7
TBDMSO ¢ I:\ TBDMSO ¢ ﬁ L TBDMSO <N [ N/)\NH TBDMSO <N | N/,kNH
o NTTNTTNH, o NTONTTNH o ? PhMe, o A
5 85°C 6ani g
TBDMSO 5 TBDMSO 6a TBDMSO TBDMSO 1
time,? . b B
entry 5:Ph—Br catalytic system, solvent, temp result entry Ar-Br time (h) product, yield®
1 1:1 10 mol % of Pd(OAc)z, 10 mol % of L-4, 24 h, 17
1.5 equiv of tert-BuONa, PhMe, 85 °C  40% yield" 1 1 6a ": 89%
2 1:2 10 mol % of Pd(OAc)s, 10 mol % of L-4, 1h,
1.5 equiv of tert-BuONa, PhMe, 85 °C  89% yielde
3 12 10mol % of PA(OACk, 10 mol % of L-4, 24, 2 ©/ 15 6b: 75%
1.5 equiv of tert-BuONa, DME, 85 °C  incomplete? Me
4 1:2 30 mol % of PA(OAc);, 30 mol % of L-4, 1h,
1.5 equiv of tert-BuONa, PhMe, 85 °C  91% yield® 3 4 6 17, 48%
5 1:2 30 mol % of Pd(OAc)s, 30 mol % of L-4, 24 h, Ve € a0k
1.5 equiv of K3PO,4, PhMe, 85 °C traced e
6 1:2 10 mol % of Pd(OAc)z, 10 mol % of L-4, 24 h,
1.5 equiv of CsyCO3, PhMe, 85 °C incomplete? 4 NO, 1.5 6d' % 84%
7 1:2 5 mol % of Pd(OAc)z, 5 mol % of L-4, 3.5h,
1.5 equiv of tert-BuONa, PhMe, 85 °C  78% yield®
aReactions conducted with 0.07 mmol of nucleoside in 1 mL of solvent. 5 25 6e: 77%
b Reactions were monitored by TLEYield is of isolated, purified product. OO ’ : °
d Product formation was observed by TLC but was not isolated.
of this arylation chemistry. The results from these experi-  © 1.5 of: 71%
ments are displayed in Table 4.
As seen from Table 4 not only undergoes reaction with OO oo
. . . . the) 0,
electron-deficient aryl bromides (entries 4, 9, and 10) but  ’ 15 6g: 69%
also undergoes reaction with unsubstituted, alkyl-substituted, O‘
and polyaromatic systems (entries 1, 2, and/band, more
importantly, the electron-rich ones (entries 3 and 8). Notably, 8 2.5 6h: 54%
reported reactions & with bromobenzene and 4-bromoani- Meo
sole involving ()-BINAP as the ligand provided a 57% 9 /©/ ) 6i: 8%

yield of 6a and a 0% yield of6c!’ In contrast to the NC 4 6i: 65%
successful reaction of 4-bromoanisole, 2-bromoanisole did

not yield product, and electronic factors alone are perhaps 10
not the reason for this. In the case of 4-bromobenzonitrile,

a secondary product arising from bisarylation was observed | jEA2EE8 ERSUIRTT 0T e, € 2t R 2 TR Bec.
and it is possible that with electron-deficient aryl bromides bt reactions were monitored for completion by TLYield is of isolated,
bisarylation could be a competing reaction. Allowing the purified product.

reaction of 4-bromobenzonitrile to proceed longer resulted

in a lowered yield, possibly due to bisarylation.

2

6j: 68%
Ac
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