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The bromination of purines with a charge transfer complex
between bromine and lutidine
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Abstract—Diaminopurines, immobilized on a polymeric support are treated with a charge transfer complex of bromine and
lutidine to afford 8-brominated derivatives. An ionic complex of bromine and lutidine did not oxidize the purines. 2,6-Dialkyl-
aminopurines could also be oxidized on the �-carbon of their 2-alkylamino group. © 2001 Elsevier Science Ltd. All rights
reserved.

Purine libraries, either synthesized in solution or on solid
supports, have received great attention due to their
potential to target nucleotide-binding proteins, which
play a significant role in many biological processes.1

While the aforementioned libraries focus on substituting
purine on its 2, 6 and 9 positions, most methods to obtain
8-substituted purines have been performed with
adenosine2 or guanosine,3 but not with 2,6-diamino-

Scheme 1. (i) TFAA/lutidine, rt; (ii) dichloropurine (9), NMP, rt; (iii) amine, cat. TFA, 55°C, 90 h; (iv) amine, NMP, 125°C; (v)
6-chloro-3-acetylaminopurine (10), NMP, rt; (vi) amine, (vii) cat. TFA, 55°C, 3 days; KOH, DMSO.
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Scheme 2. (A) Slow disproportionation of the lutidine
bromine complexes in polar solvents: 11 converts into 12 in 5
h in DMFD7. (B) Rapid exchange of bromine solvating
lutidine or other solvent molecules. Mixtures of 11 and 12 in
DMFD7 depict average NMR spectra.

The oxidizing power of 11 was mediated by the solvent
(Scheme 3). In NMP the polystyrene-support itself was
not modified in benzene, it was brominated on its
benzylic positions. The latter resin could be debromi-
nated quantitaively via KOtBu-mediated elimination.
In NMP, where 11 disproportionates to 12, fresh
reagent has to be added in several portions to complete
the reaction13 and the brominations of purines bearing
electron withdrawing substituents (6, 7a) are unsuccess-
ful or sluggish. In benzene,14 where 11 is not deacti-
vated, even purines 7b and 7c are brominated in high
yields to afford 13i and 13j, respectively. The bromina-
tion with 11 is incompatible with aliphatic amines in
NMP and benzene. Aromatic residues less or equally
activated than toluene and amide functions remain
unchanged. In benzene 2,6-dialkylaminopurines are oxi-
dized selectively in benzene on their substituent at C2.15

Neither ‘Rink’-linker nor polystyrene mediates this oxi-
dation, as indicated by a model reaction in solution
phase (Table 1 entry 14). We believe that this process
begins by a transfer of a Br2-molecule from 2,6-lutidine
to N1 (Scheme 4). The resulting complex (16) may
undergo a series of double bond migrations followed by
an HBr-elimination to give a purine–C2–alkylimine 18.
The latter my either hydrolyze 2-amino-purine 21 or be
oxidized by 11 to afford an imidoyl bromide 19,16

which my then become hydrolyzed to the amide.17

The purinyl-piperazine 5d affords 13g probably via
bromination and hydrolysis of a C2-bound 1,4-diazacy-
clohexene intermediate.

We demonstrated the bromination of purines on a solid
support using a charge-transfer complex of bromine
with lutidine. The solvent has a profound influence on
the oxidation reaction of 2,6-diaminopurines. The
methods outlined here may be applied in derivatizations
of purines on solid supports.
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purines. Here, we report a scope and limitations study
of the bromination of various 2,6-disubstituted purines
their 8 position.

The synthesis of 2,6-disubstituted purines begins with
immobilizing 2,6-dichloropurine (9) or 6-chloro-purin-
2-yl-amine (10)4 on ‘Rink’-acid resin (1)5 after activat-
ing the linker as its trifluoroacetate (2).6 The
immobilized 2-acetylamino-6-chloropurine (6) is then
treated with amines such as morpholin to afford 7a–c.
Deacetylation of 7a with KOH/DMSO gave 8a.7 The
other 2,6-diaminopurines are synthesized in a stepwise
fashion. The substitution at C6 was catalyzed by TFA,
substitution at C2 was done at elevated temperatures
(Scheme 1).1

Bromination on C8 was performed with complex 118,9

(Scheme 2), which gives cleaner conversions than Br2 in
mixtures of aq. buffer and an organic co-solvent.10 It
brominates the C8 of diaminopurines efficiently in
NMP, but does even better in benzene, without loss of
purine bound to ‘Rink’-resin by its N9 position. NMR
studies revealed a rapid interchange with polar solvents
(DMF) or other lutidine molecules. Compound 11 also
disproportionates in the presence of 2,6-lutidine in
polar solvents to afford 12,11,12 which cannot brominate
purines. This conversion proceeds in the presence of
one equivalent of 2,6-lutidine in heptadeutero-DMF
within 5 hours at 25°C (Scheme 2).

Scheme 3. (i) Bromination according to Table 1; (ii) 5×20% TFA in ClCH2CHCl.
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Table 1.

1The products contain 1 equiv. of TFA; conditions; 2the rest is starting material. (A) 0.1 M 11, 0.1 M 2,6-lutidine, benzene, 48 h; (B) 0.1 M 11,
0.1 M 2,6-lutidine, NMP, Ref. 13; (C) 0.1 M Br2, 1 M NaOAc in dioxane/H2O 4/1 (v/v); (D) 0.1 M 11, 5.67 equiv. 0.1 M 2,6-luitidine, 5.67
equiv. benzene, 48 h.

Scheme 4. Proposed mechanism for the oxidative C2-modification of diaminopurines with complex 11: (i) 11, benzene; (ii)
hydrolysis.

References

1. (a) Zimmermann, J.; Capraro, H.-G.; Peterli, P.; Furet,
P. Preparation of purine derivatives. PCT Int. Appl.
1997, 97 pp. CODEN: PIXXD2 WO 9716452 A1
19970509; (b) Imbach, P.; Capraro, H.-G.; Zimmermann,
J.; Caravatti, G.; Furet, P.; Brill, W. K.-D. Preparation
of 2-amino-6-anilinopurines as inhibitors of p34cdc2/
cyclin Bcdc13 kinase and protein tyrosine kinase pp60c-
src. PCT Int. Appl. 2000, 100 pp. CODEN: PIXXD2 WO
0049018 A1 20000824; (c) Imbach, P.; Capraro, H.-G.;
Furet, P.; Mett, H.; Meyer, T.; Zimmermann, J. J.
Bioorg. Med. Chem. 1999, 9, 91–96; (d) Gray, S. N.;
Kwon, S.; Schultz, P. G. Tetrahedron Lett. 1997, 38,

1161–1164; (e) Schow, S. R.; Mackman, R. L.; Blum, C.
L.; Brooks, E.; Horsma, A. G.; Joly, A.; Kerwar, S. S.;
Lee, G.; Shiffman, D.; Nelson, M. G.; Wang, X.; Wick,
M. M.; Zhang, X.; Lum, R. T. Bioorg. Med. Chem. Lett.
1997, 21, 2697–2702; (f) Norman, T. C.; Gray, N. S.;
Koh, J. T.; Schultz, P. G. J. Am. Chem. Soc. 1996, 118,
7430–7431; (g) Chang, Y.-T.; Gray, N. S.; Rosania, G.
R.; Sutherlin, D. P.; Kwon, S.; Norman, T. C.; Sarohia,
R.; Leost, M.; Meijer, L.; Schultz, P. G. Chem. Biol.
1999, 6, 361–375.

2. (a) Bruns, G. Ber. Dtsch. Chem. Ges. 1890, 23, 225–229;
(b) Janeba, Z.; Votatova, H.; Masojidkova, M. Collect.
Czech Chem. Commun. 1996, 61, 442–457; (c) Mamos, P.;
Van Aershot, A. A.; Weyns, N. J.; Herdewijn, P. A.



W. K.-D. Brill, C. Ri�a-Toniolo / Tetrahedron Letters 42 (2001) 6279–62826282

Tetrahedron Lett. 1992, 33, 2413–2416; (d) Fujit, T.;
Saito, T.; Mori, S. Heterocycles 1988, 27, 1145–1148.

3. (a) Fischer, E.; Reese, L. Liebigs Ann. Chem. 1883, 221,
336–344; (b) Garner, P.; Yoo, J. U.; Sarabu, R. Tetra-
hedron 1992, 48, 4259–4270.

4. Iwamoto, R. H.; Acton, E. M.; Goodman, L. J. Med.
Chem. 1963, 6, 684–688.

5. Rink, H. Tetrahedron Lett. 1987, 28, 3787–3790.
6. Brill, W. K.-D.; Schmidt, E.; Tommasi, R. A. Synlett

1998, 906–908.
7. (a) Bowles, W. A.; Schneider, F. H.; Lewis, L. R.;

Robins, R. K. J. Med. Chem. 1963, 6, 471–480; (b) The
reaction of 7a to 8a is complicated by strong interactions
of resin bound purines. As a result variable yields ranging
from 10 to 100% of 8a may be obtained unless the resin
is ‘reactivated’ upon brief heating to 180°C. If the hydroly-
sis is then resumed, quantitative yields are obtained con-
sistently.

8. (a) Mishra, M. K.; Lenka, S.; Nayak, P. L. J. Polym.
Sci., Polym. Chem. Ed. 1981, 19, 2457–2464; (b) Lenka,
S.; Nayak, P. L.; Mishra, M. K. Angew. Makromol.
Chem. 1981, 99, 45–54.

9. Complex 11: To lutidine (28.45 mL) at 0°C was added
bromine (1.54 mL, 29.96 mmol) over a period of 40 min
upon stirring. A yellow precipitate was formed. The
reaction was stirred for another two hours. The precipi-
tate was filtered off through a glass frit and washed
briefly with n-pentane. To remove included bromine, the
product was dissolved in minimal amounts of
dichloroethane (5 mL) and precipitated into n-pentane
(250 mL). The orange product was dried for one hour at
rt at 0.9 mbar and kept at 4°C in the dark. Yield: 5.54 g
(69.28%); 1H NMR (CDCl3) � 7.48 (t, 1H), 6.95 (d, 2H),
2.55 (s, 6H); elemental analysis (C7H9 Br2N): calcd: C,
31.49%; H, 3.40%; Br, 59.86%; N, 5.25%. Found: C,
31.02%; H, 3.25%; Br, 60.2%; N, 5.25%.

10. Ikehara, M.; Kaneko, M. Tetrahedron 1970, 26, 4251–
4259.

11. Compound 12 probably has a structure like the ‘Lemieux
complex’ between bromine and collidine: Lemieux, R. U.;
Morgan, A. R. Can. J. Chem. 1965, 43, 2190–2198.

12. Complex 12: 11 was taken up in dichloromethane (5 mL)
and precipitated into diethyl ether (250 mL). The yellow
product was dried for one hour at rt at 0.9 mbar and kept
at 4°C in the dark. Yield 43%; 1H NMR (CDCl3) � 8.12
ppm (1H, t), 7.46 ppm (2H, d) 2.95 ppm (6H, s); elemen-

tal analysis (C14H18 Br2N2): calcd C, 44.95%; H, 4.85%;
Br, 42.72%; N, 7.49%. Found: C, 42.70%; H, 4.91%; Br,
45.37%; N, 7.1%.

13. Table 1, entry 2: 8-Bromo-N2,N6-diisobutyl-purine-2,6-
diamine (13c): A 1.5 mL of solution of 11 (266.97 mg, 1
mmol) and 2,6-lutidine (10.14 mg, 0.947 mmol) in NMP
(10 mL) was added to a resin bearing 5c (30 mg, 0.5
mmol/g, 15 �mol). The slurry was shaken at rt for five
hours. The reagent solution was then drained. This pro-
cess was repeated twice and the resin was washed with
5×1 M aq. TEA/DMA 1/4 (v/v) and 5×DMA. Alternat-
ing washes followed with 5×MeOH and CH2Cl2 and
5×CH2Cl2 and n-pentane. The product was liberated by
treating the resin with TFA/ClCH2CH2Cl (6×1 min). The
solvents were removed in vacuo to afford the product. 1H
NMR (DMSO-D6) � 3.42 (m, 2H, CH2(iBu)), 3.12 (m,
2H, CH2(iBu)), 1.9 (m, 2H, CH(iBu)), 0.95 (double d,
6H, Me(iBu)); 13C NMR (DNSO-D6) � (38, 39,
CH2(iBu)), 27 (CH(iBu)), 21 (Me(iBu)); HPLC-purity at
254 nm: 89.9%; UV (gradient): 219 nm (min); 240 nm
(max); 249 nm (shoulder); 270 nm (min) 294 nm (max);
MS: 343.

14. Table 1, entry 12: N-(8-Bromo-6-isobutylamino-purin-2-
yl)-acetamide (13j): 1.5 mL of a solution of 11 (266.97
mg, 1 mmol) and 2,6-lutidine (10.14 mg, 0.947 mmol) in
dry benzene (10 mL) was added to resin bearing 5c (30
mg, 0.5 mmol/g, 15 �mol). The slurry was shaken at rt
for 24 hours and worked up as 13c.1H NMR (DMSOD6)
� 3.25 (m, 2H, CH2(iBu)), 1.21 (s, 3H, acetyl), 1.95 (m,
1H, CH(iBu)), 0.9 (d, 6H, Me(iBu)); 13C NMR (HSQC)
(DMSO-D6) � 48 CH2(iBu), 29 (CH(iBu)), 26 (Me-ace-
tyl), 20.5 (Me(iBu)); UV (gradient): 223 nm (min), 243
nm (max), 258 nm (min), 279 nm (max) (The UV spec-
trum is identical to that of 13i); MS: 327.13 (M+H)+;
impurity: 249.17 (M+H)+:7c.

15. The location of the oxidized substituent is supported by
the fact that compound pairs 13a and 13i as well as 13d
and 13j have common UV spectra.

16. (a) Hantsch, A. Ber. 1931, 64, 1219; (b) Klages, F.; Grill,
W. Liebigs Ann. Chem. 1955, 594, 21–32; (c) Janz, G. J.;
Danyluk, S. S. J. Chem. Rev. 1960, 60, 209–234; (d) Janz,
G. J.; Danyluk, S. S. J. J. Am. Chem. Soc. 1959, 81,
3846–3850.

17. (a) Ta-Shma, R.; Rappoport, Z. J. Am. Chem. Soc. 1977,
99, 1845–1858; (b) Ugi, I.; Beck, F.; Fetzer, U. Chem Ber.
1962, 95, 126–135.

.


