Downloaded by UNIVERSITY OF ALABAMA AT BIRMINGHAM on 18 January 2013

Published on 14 January 2009 on http://pubs.rsc.org | doi:10.1039/B900218A

COMMUNICATION

View Article Online / Journal Homepage / Table of Contents for thisissue

www.rsc.org/obc | Organic & Biomolecular Chemistry

Direct C—H borylation and C—H arylation of pyrrolo|2,3-d|pyrimidines:
synthesis of 6,8-disubstituted 7-deazapurines

Martin Klecka, Radek Pohl, Blanka Klepetarova and Michal Hocek*

Received 6th January 2009, Accepted 6th January 2009

First published as an Advance Article on the web 14th January 2009

DOI: 10.1039/b900218a

Novel direct C-H borylations of 7-deazapurines to position
8 by B,pin, under Ir catalysis were followed by Suzuki cross-
couplings with aryl halides and other functional group trans-
formations to give diverse 8-substituted 7-deazaadenines.

2,6,9- or 6,8,9-Trisubstituted, as well as and 2,6,8,9-tetrasub-
stituted purines display a wide range of biological activities,'
i.e. inhibition of protein kinases,> or tubulin polymeri-
zation,® and antagonist effects to receptors,* etc. 6-Arylpurines
are of particular importance due to anti-HCV, cytostatic
and antimycobacterial activities.® 7-Deazapurines (pyrrolo[2,3-d]-
pyrimidines) are often used as surrogates of purine bases and
also many of them display interesting biological effects.* However,
compared to purines, this class of heterocycles is under explored. In
our previous synthetic and medicinal chemistry studies of di-, tri-
and tetrasubstituted purines we have heavily utilized regioselective
cross-coupling reactions of di- and trihalopurines.” Later on, we
have for the first time developed novel direct C-H arylation®
reactions in purine bases’ and nucleosides’ and, most recently,
we used a combination of regioselective cross-couplings, Cu-
catalyzed N-arylations and direct C—H arylations for the efficient
consecutive synthesis of small libraries of tri and tetrasubstituted
purines.! Now we wished to explore the utility of another reaction
from the family of C-H activations: Ir-catalyzed direct C-H
borylation'? in modifications of purines and 7-deazapurines. Such
reactions should lead to hetarylboronates suitable for further
functional group transformations by the Suzuki cross-coupling
or Cu-catalyzed aminations. So far, not only have such reactions
not been reported on these two heterocyclic systems, but also the
corresponding hetarylboronates or -boronic acids are unknown.
Ir-catalyzed C—H borylation' of aromatic compounds is a one-
step method to generate aryl boronates. The most active catalyst
for this transformation is generated from di-zert-butylbipyridine
and [Ir(COD)(OMge)],. 9-Benzyl-6-phenylpurine (1) was chosen
as the first model substrate for studying the C-H borylation
(Scheme 1). We have employed the above mentioned catalytic
system under diverse conditions (from r.t. to 80 °C and MW
irradiation). Unfortunately, no formation of 8-borylated purine
was observed (mostly just the starting compound was recov-
ered accompanied by minor byproducts). The most plausible
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explanation of this lack of reactivity is the formation of a stable
complex of purine with Ir catalyst at N7. Another problem
might be the limited stability'® of the purine-8-boronate that may
undergo protodeborylation back to the starting compound.

Therefore, our further efforts focused on 7-deazapurines (lack-
ing the N7 coordination site). The model starting compound
of choice was 9- benzyl-6-phenyl-7-deazapurine (2, 7-benzyl-
4-phenyl-7H-pyrrolo[2,3-d]pyrimidine). The reaction of 2 with
bispinacolatodiboron in presence of di-zert-butylbipyridine and
[Ir(COD)(OMe)], proceeded well to give selectively 8-borylated
product 6 in high yield (85%, Table 1, entry 1)}. The regioselectivity
was in accord with the literature examples' of borylation of
indoles at position 2 and was unequivocally proved by X-ray
diffraction analysis of 6 (Fig. 1)."

Next, we have tried the C-H borylation of 9-benzyl-7-
deazaadenine 3 and its N-[(dimethylamino)methylidene]-
protected derivative 4 under the same conditions. However, no
C-H borylation was observed (entries 2,3). Another interesting
substrate was 9-benzyl-6-chloro-7-deazapurine (5) suitable for
further functional group transformations at position 6. In this
case, the C-H borylation worked reasonably well to give the
desired product 7 in moderate (but acceptable) 53% yield (entry 4).
Then we have attempted hydrolysis of the boronate ester 6 to more
reactive boronic acid. The hydrolysis proceeded quantitatively
but the final free boronic acid was rather unstable and readily

decomposed.
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Table 1 Direct C-H borylation of deazapurines
Entry Starting compound R Yield (%)
1 2 Ph- 6 (85%)°
2 3 NH, no reaction®
3 4 (CH;),NCH=N- no reaction®
4 5 Cl 7 (53%)*

1.2 equiv. B,pin,, 5 mol% [[r(COD)OMe],, 10 mol% dtbpy, THF, 80 °C,
20 h. ® 1.5 equiv. B,Pin,, 8 mol% [Ir(COD)(OMe)],, 16 mol% dtbpy.
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Fig. 1 ORTEP drawing with the atom numbering scheme. Thermal
ellipsoids are drawn at the 50% probability level.

route | route |
(i) C-H borylation Ph
0,

Ph
85% (ii) cross-coupling
N7 N NF — \Z
Ny e :jf\ym
NT N N~ N N~ N
\

\
2 Bn 6 Bn Bn

\/// 8a-8¢g

route |l
(iii) direct C-H arylation
0-419

41%

Scheme 2 Reagents and conditions: i) B,pin,, [Ir(COD)OMe],, dtbpy,
THE, 80 °C, 20 h; ii) Ar-X, Pd(dppf)Cl,, K,CO;, DMF, 90 °C, 1 h;
iii) Ar-X, Pd(OAc),, Cs,CO;, Cul, DMF, 160 °C, 60 h.

Table 2 Synthesis of 8-arylated deazapurines by C-H activation

Route I - coupling” Route IT
Entry Ar-X Product  (overall yield)® (yield)
1 8a 87% (74%)° 39%
| OMe
2 8b 90%¢ (76%)" 41%
[ CHs
3 8c 79%* (67%)" 35%
2%
O
Br
4 — 8d 95% (81%)* traces
I\ /
N
5 N~ N 8e 92% (78%)" 0%
o) ril/&o
6 8f 91%* (77%)" 0%
|4< >*N02
7 8g 92%< (78%)"-* 0%

|
IS,
|
NS
oA

“ Cross coupling. ® Overall yield after two steps (C—H borylation and cross
coupling). ¢ Overall yield after acidic deprotection to free uracil 8h.

Having access to the boronates, we have further explored their
synthetic applications. The most obvious use was in the Suzuki
cross-coupling reaction. Thus the reactions of the boronate 6 with
diverse aryl halides were performed under conditions previously
optimized' for other hetarylboronates (Pd(dppf)Cl, and K,CO;
in DMF) (Scheme 2). Generally, all the aryl halides (diverse aryl
iodides and 2-bromopyrene) reacted well to give the desired 8-
aryl products 8a-8g in very high yields (Table 2). One example
(8b) was also characterized by X-ray diffraction.”® Interesting
products 8e and 8g arose from the coupling with methylated 5- or 6-
iodouracils (entries 4 and 6) as novel types of Janus-nucleobases'’
or fleximers."

In the case of compound 8g, the acid hydrolysis gave the free
9-benzyl-6-phenyl-8-(uracil-6-yl)-7-deazapurine 8h. The overall
yields of the 6,8-diaryl-7-deazapurines over the two steps (C-H
borylation and cross-coupling, Table 2 - Route 1) were very good
(67-81%). As a complementary alternative method, we have also
tried direct C-H arylation of 2 with the same aryl halides under
the conditions optimized® for arylation of purines (Table 2, Route
IT). However, these reactions did not proceed well giving very
low yields (entries 1-3) or no reaction what so ever (entries
4-7). Comparison of the two routes to diaryl-7-deazapurines 8
revealed that the two step sequence (Route I) is much more efficient
(Table 2).

Finally, we were interested in the synthesis of 8-aryl-7-
deazaadenines. As the direct C—H activations of 7-deazaadenine
3 were unsuccessful, we have envisaged the use of the 6-chloro
derivative that can be readily transformed to 6-amino compounds
(Table 3). The two-step arylation (C-H borylation followed
by the Suzuki coupling) of 9-benzyl-6-chloro-7-deazapurine (5)
with three different aryl iodides proceeded with acceptable 31—
42% overall yields (the yield of the first step was the moderate

cl (i) C-H ¢l X
borylation (iii) Sy =
NZ N~ N N
Iy s T
N N (i) Suzuki N N\ N \
Bn coupling Bn Bn
5 9a-9¢ 10aa-10c

Scheme 3 Reagents and conditions: i) B,pin,, [Irf(COD)OMe],, dtbpy,
THEF, 80 °C, 20 h; ii) Ar-X, Pd(dppf)Cl,, K,CO;, DMF, 90 °C, 1 h; (iii) a)
NH;/MeOH, 120 °C, overnight b,c) R-NH,, butanol, reflux, overnight d)
phenol, KOz-Bu, K,CO;, DMF, 110 °C, 16 h.

Table 3 Two-step synthesis of 6,8-disubstituted 7-deazapurines

Entry Ar Product (yield) X Product (yield)
1 <:> 9a (42%) NH, 10aa (83%)
OMe

2 NH-Ph  10ab (65%)

3 NH-Bn  10ac (77%)

4 O-Ph 10ad (93%)

5 4@ 9b (31%) NH, 10b (85%)
N
N

6 Q 9¢ (36%) NH, 10c (79%)
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54% as mentioned above). The follow-up aminations of the 6-
chloro-7-deazapurines with methanolic ammonia gave the 8-aryl-
7-deazaadenines 10aa, 10b and 10c in very good yields (Scheme 3,
Table 3). Other nucleophilic substitutions were also pursued with
6-chloro-7-deazapurine 9a. Its reactions with aniline, benzylamine,
as well as with sodium phenolate gave the corresponding 6-N- or
6-O-substituted products 10ab, 10ac and 10ad, respectively.

In conclusion, the Ir-catalyzed C-H borylation of 7-
deazapurines proceeded selectively in position 8. The follow-
up Suzuki cross-coupling reactions can be efficiently used for
the introduction of aryl groups to position 8. This is the first
efficient methodology for §-arylation of important 7-deazapurines
(so far the 8-substituted 7-deazapurines were only prepared by
multistep heterocyclizations®). The methodology can be combined
with nucleophilic substitutions of 6-chloro-7-deazapurines to give
an efficient way to synthesise diverse 6-substituted 8-aryl-7-
deazapurines.

Acknowledgements

This work is a part of the research project Z4 055 0506. It was
supported by the “Centre for Chemical Genetics” (LC06077) and
by Gilead Sciences, Inc. (Foster City, CA, U. S. A.).

Notes and references

1 General procedure for C-H borylation. 7-Deazapurines 2 or 5
(2 mmol, 1 equiv.), bispinacolatodiboron (0.609 g, 2.4 mmol, 1.2 equiv.),
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20 hours. The solvent was evaporated and the residue was purified by silica
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412.2191; found: 412.2192. Compound 7: M.p. 172-175 °C."H NMR
(500 MHz, CDCl;): 1.28 (s, 12H, CH3;); 5.75 (s, 2H, CH,); 7.16-7.25 (m, 6H,
H-5 and H-0,m,p-Bn); 8.68 (s, 1H, H-2). *C NMR (125.7 MHz, CDCl,):
24.62 ((CH;),C); 47.60 (CH,Ph); 84.56 (C(CH,),); 112.23 (CH-5); 117.21
(C-4a); 127.22 (CH-0-Bn); 127.34 (CH-p-Bn); 128.30 (CH-m-Bn); 132.79
(C-6); 138.12 (C-i-Bn); 151.91 (CH-2); 153.28 and 153.42 (C-4 and C-7a).
IR (CHCI;): 2984, 1579, 1541, 1525, 1469, 1430, 1374, 1355, 1330, 1259,
1177, 1137. HRMS (ESI) calculated for C,yH,, BCIN;O,: 370.1499; found:
370.1488.

1 Review: M. Legraverend and D. S. Grierson, Bioorg. Med. Chem., 2006,
14, 3987-4006.

2 (a) N. S. Gray, L. Wodicka, A.-M. Thunnissen, T. C. Nornam, S.
Kwon, F. H. Espinoza, D. O. Morgan, G. Barnes, S. LeClerc, L. Meijer,
S.-H. Kim, D. J. Lockhart and P. G. Schultz, Science, 1998, 281, 533~
538; (b) N. Kato, T. Sakata, G. Breton, K. G. Le Roch, A. Nagle, C.
Andersen, B. Bursulaya, K. Henson, J. Johnson, K. A. Kumar, F. Marr,
D. Mason, C. McNamara, D. Plouffe, V. Ramachandran, M. Spooner,
T. Tuntland, Y. Zhou, E. C. Peters, A. Chatterjee, P. G. Schultz, G. E.
Ward, N. Gray, J. Harper and E. A. Winzeler, Nat. Chem. Biol., 2008,
4, 347-356.

3 (a) G. R. Rosania, Y.-T. Chang, O. Perez, D. Sutherlin, H. L. Dong,
D. J. Lockhart and P. G. Schultz, Nature Biotechnol., 2000, 18,

304-308; (b) S. M. Wignall, N. S. Gray, Y. T. Chang, L. Juarez, R.
Jacob, A. Burlingame, P. G. Schultz and R. Heald, Chem. Biol., 2004,
11, 135-146.

4 L. C. W. Chang, R. F. Spanjersberg, J. K. von Frijtag Drabbe Kunzel,
T. Mulder-Krieger, J. Brussee and A. P. IJzerman, J. Med. Chem., 2006,
49, 2861-2867.

5 (a) M. Hocek, A. Holy, 1. Votruba and H. Dvotakova, J. Med. Chem.,
2000, 43, 1817-1825; (b) M. Hocek, P. Naus, R. Pohl, I. Votruba,
P. A. Furman, P. M. Tharnish and M. J. Otto, J Med. Chem.,
2005, 48, 5869-5873; (¢) L.-L. Gundersen, J. Nissen-Meyer and B.
Spilsberg, J. Med. Chem., 2002, 45, 1383-1386; (d) A. K. Bakkestuen,
L.-L. Gundersen and B. T. Utenova, J. Med. Chem., 2005, 48, 2710
2723.

6 (a) A. Gangjee, A. O. Namjoshi, J. Yu, A. M. Thnat, E. J. Thorpe
and A. L. Warnke, Bioorg. Med. Chem., 2008, 16, 5514-5528; (b) O.
Irie, T. Kosaka, T. Ehara, F. Yokokawa, T. Kanazawa, H. Hirao, A.
Iwasaki, J. Sasaki, N. Teno, Y. Hitomi, G. Iwasaki, H. Fukaya, K.
Nonomura, K. Tanabe, S. Koizumi, N. Uchiyama, S. J. Bevan, M.
Malcangio, C. Gentry, A. J. Fox, M. Yaqoob, A. J. Culshaw and A.
Hallett, J. Med. Chem., 2008, 51, 5502-5505; (¢) O. Irie, T. Ehara, A.
Iwasaki, F. Yokokawa, J. Sasaki, H. Hirao, T. Kanazawa, N. Teno, M.
Horiuchi, I. Umemura, H. Gunji, K. Masuya, Y. Hitomi, G. Iwasaki,
K. Nonomura, K. Tanabe, H. Fukaya, T. Kasoka, C. R. Snell and A.
Hallett, Bioorg. Med. Chem. Lett., 2008, 18, 3959-3962.

7 (a) M. Hocek and H. Dvorakova, J. Org. Chem., 2003, 68, 5773-5776;
(b) M. Hocek, D. Hockova and H. Dvorakova, Synthesis, 2004, 889—
894; (c) M. Hocek and R. Pohl, Synthesis, 2004, 2869-2876.

8 Recent review on direct C-H arylations: («) F. Bellina, S. Cauteruccio
and R. Rossi, Curr. Org. Chem., 2008, 12, 774-790. Recent examples:
(b) F. Bellina, C. Callandri, S. Cauteruccio and R. Rossi, Tetrahedron,
2007, 63, 1970-1980; (¢) F. Bellina, S. Cauteruccio and R. Rossi, J. Org.
Chem., 2007, 72, 8543-8546; (d) G. L. Turner, D. A. Morris and M. F.
Greaney, Angew. Chem., Int. Ed., 2007, 46, 7996-8000; (¢) H.-Q. Do
and O. Daugulis, J. Am. Chem. Soc., 2007, 129, 12404-12405; (f) S. A.
Ohnmacht, P. Mamone, A. J. Culshaw and M. F. Greaney, Chem.
Commun., 2008, 1241-1243.

9 I. Ceria, R. Pohl, B. Klepetarova and M. Hocek, Org. Lett., 2006, 8,
5389-5392.

10 I. Cerna, R. Pohl and M. Hocek, Chem. Commun., 2007, 4729—
4730.

11 1. Certia, R. Pohl, B. Klepetafova and M. Hocek, J. Org. Chem., 2008,
73, 9048-9054.

12 For a review on C-H borylation, see: (¢) T. Ishiyama and N.
Miyaura, J. Organomet. Chem., 2003, 680, 3—11; (b) Recent examples:
T. Ishiyama, J. Takagi, K. Ishida, N. Miyaura, N. R. Anastasi and
J. F. Hartwig, J. Am. Chem. Soc., 2002, 124, 390-391; (¢) J. Y. Cho,
M. K. Tse, D. Holmes, R. E. Maleczka and M. R. Smith III, Science,
2002, 295, 305-308; (d) T. Ishiyama, J. Takagi, J. F. Hartwig and N.
Miyaura, Angew. Chem., Int. Ed., 2002, 41, 3056-3058; (¢) T. Ishiyama,
Y. Nobuta, J. F. Hartwig and N. Miyaura, Chem. Commun., 2003,
2924-2925; (f) T. M. Boller, J. M. Murphy, M. Hapke, T. Ishiyama, N.
Miyaura and J. F. Hartwig, J. Am. Chem. Soc., 2005, 127, 14263-14278;
(g) G. A. Chotana, M. A. Rak and M. R. Smith III, J. Am. Chem. Soc.,
2005, 127, 10539-10544; (h) S. Paul, G. A. Chotana, D. Holmes, R. C.
Reichle, R. E. Maleczka and M. R. Smith III, J. Am. Chem. Soc., 2006,
128, 15552-15553.

13 (a) K. L. Billingsley and S. L. Buchwald, Angew. Chem., Int. Ed., 2008,
47, 4695-4698; (b) A. E. Smith, K. M. Clapham, A. S. Batsanov, M. R.
Bryce and B. Tarbit, Eur. J. Org. Chem., 2008, 1458-1463.

14 (a) K. Mertins, A. Zapf and M. Beller, J. Mol. Catal. A: Chem., 2004,
207, 21-25; (b) J. Takagi, K. Sato, J. F. Hartwig, T. Ishiyama and N.
Miyaura, Tetrahedron Lett., 2002, 43, 5649-5651.

15 Crystal structures: 6 (CCDC 703631), 8b (CCDC 703632).

16 M. Vrabel, M. Hocek, L. Havran, M. Fojta, 1. Votruba, B. Klepetatova,
R. Pohl, L. Rulisek, L. Zendlova, P. Hobza, 1. Shih, E. Mabery and R.
Mackman, Eur. J. Inorg. Chem., 2007, 12, 1752-1769.

17 (@) A. Asadi, B. O. Patrick and D. M. Perrin, J. Org. Chem., 2007, 72,
466-475; (b) A. Asadi, B. O. Patrick and D. M. Perrin, J. Am. Chem.
Soc., 2008, 130, 12860-12861.

18 (a) K. L. Seley, S. Salim, L. Zhang and P. I. O’Daniel, J. Org. Chem.,
2005, 70, 1612-1619; (b) K. L. Seley, S. Salim and L. Zhang, Org. Lett.,
2005, 7, 63-66.

868 | Org. Biomol. Chem., 2009, 7, 866-868

This journal is © The Royal Society of Chemistry 2009


http://dx.doi.org/10.1039/b900218a

