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2-benzylsulfanyl-4,6-dichloro-1,3,5-triazine and trimethylsilylacetylene to give the corresponding
2-benzylsulfanyl-4-chloro-6-(trimethylsilyl)ethynyl-1,3,5-triazine. The latter was then used to obtain
phosphoric acid mono-{4-[4-(4-amino-6-benzylsulfanyl-1,3,5-triazin-2-yl)-1,2,3-triazol-1-yl]-phenyl}
ester via click chemistry by Huisgen 1,3-dipolar cycloaddition reaction.

© 2008 Elsevier Ltd. All rights reserved.
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1,2,3-Triazoles have gained increasing attention in medicinal R
chemistry' since the introduction of the so-called ‘click chemistry’ R l
or Cu(Il)-catalyzed 1,3-dipolar alkyne-azide coupling reaction, Il
which was pioneered by Sharpless.? Protein tyrosine phosphatases )R\S NS
(PTPs) and protein tyrosine kinases (PTKs) have been the focus of NI SN N| =N R1\NJI\N//kN,
considerable drug discovery efforts in recent years, owing to their MeO/kN/)\OMe R1)\N/)\R2 B, B,
implication in regulating cell-signalling pathways. In this context,
application of click chemistry recently led to the synthesis of 1R =alkyl
libraries of PTP inhibitors,> and to the synthesis of the growth
factor receptor-bound protein 2 (Grb2) SH2 domain-binding
inhibitors designed to antagonize or modulate PTK signalling,® in
addition to classical rational design of such inhibitors.?

Exploiting the triazine privileged structure®’ in medicinal
chemistry® via click chemistry, which enables the construction of
libraries with asymmetric diversity, would be of great interest.
Alkynylation of 1,3,5-triazine derivatives has been reported under
various conditions. Menicagli and Samaritani® described the
synthesis of 2-(alk-1’-ynyl)-4,6-dimethoxy-1,3,5-triazines 1 by
Sonogashira cross-coupling between alk-1-ynes and 2-chloro-4,6-
dimethoxy-1,3,5-triazine 2 in the presence of different palladium
catalyst systems (Fig. 1). Furthermore, Grignard alkynylation of
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Figure 1. Alkynylation of 1,3,5-triazine derivatives.

4. Importantly, it appears that none of these papers mention the
synthesis of triazines possessing the terminal acetylene group,
required in our case for the Huisgen 1,3-dipolar cycloaddition reac-
tion. To our knowledge, the introduction of this functionality, via
Grignard alkynylation from cyanuric chloride 3, was only reported
in a patent in 1972.1

allowing access to 2-(alk-1'-ynyl)-4,6-dialkylamino-1,3,5-triazines H,04PO NHR,
Ro
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E-mail address: emmanuel.bertounesque@curie.fr (E. Bertounesque). Figure 2. Triazine-functionalized, 1,4-disubstituted-1,2,3-triazoles 5.
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Thus, we have designed phosphate-containing 1,4-disubsti- zylsulfanyl-1,3,5-triazin-2-yl)-1,2,3-triazol-1-yl]-phenyl} ester 5
tuted-1,2,3-triazoles 5 as potential cell signalling inhibitors>!? (Ry =Ry =H, R3=SBn, Ry = H) via click chemistry.
using click chemistry strategy (Fig. 2). Herein, we present the pre- The introduction of the terminal acetylene functionality from 3
liminary results of our investigation on the introduction of the was demonstrated'! using [(trimethylsilyl)ethynylJmagnesium
ethynyl functionality on substituted 1,3,5-triazine derivatives, bromide prepared from trimethylsilylacetylene (TMSA) and ethyl-
and the synthesis of phosphoric acid mono-{4-[4-(4-amino-6-ben- magnesium bromide (Table 1, entry 1). Addition of MeOH to the

Table 1
Introduction of the trimethysilylethynyl group on substituted 1,3,5-triazine derivatives®
Entry Reaction conditions Starting material triazine Product yield® %
cl OMe
1. HC=C-TMS, EtMgBr N*N NI \)N\
1 THF, then addition of MeOH | P>
2. Hydrolysis CI/I\N/)\CI /N OMe
H
3 6
Cl
. NJ%N L.
2 HC=C-MgBr (1 equiv) /]I\ /)\ Decomposition
THEF, 0 °C, then addition of MeONa Cl N~ ~Cl
3
X
3¢ HC=C-MgBr (1 equiv) N|\)N\ D iti
=C-MgBr (1 equiv ecomposition
Ni(acac),, PPhs, THEF, 0 °C CI/I\N/ cl
then addition of MeONa 3
{ £
HC=C-TMS (1 equiv) N*N NI SN
4 PdCl,(PPhs),, Cul, DIPEA /Il\ A P
THF, tt, 20 h CI” "N ~al zZ N X
3 ™S q ™S
7 46%
Cl
N/I%N
5 HC=C-TMS (1.5 equiv) Dmb\N)I\N/J\N'Dmb No reaction
Pd/C, PPhs, Cul, DIPEA H H
MecCN, 80 °C, 20 h, sealed tube 8
Cl
N)§N
6 HC=C-TMS (1.5 or 3 equiv) Dmb. )l\ /)\ _Dmb No reaction
Pd/C, PPhs, Cul, K,COs, H N H
MecCN, 80 °C, 20 h, sealed tube 3
SBn SBn

Cl

N

e = i N § I )\ )I\ )\

7 HC=C-TMS (1.5 equiv) | “ O INEN
C|)\N/)\ /\ N“>c e N )N\

Pd/C, PPhs, Cul, DIPEA ™S
MeCN, 80 °C, 24 h, sealed tube 9

10 15% 11 25%

SBn )S\Bn
.. il
8f HC=C-TMS (2 equiv) | ~

PACl,(PPhs),, Cul, DIPEA Cl)\N/)\CI =~ N ¢
THF, t, 20 h 9 T™S

10 38%

@ Unless otherwise specified, reactions were carried out with Pd catalyst 0.04 equiv, Cul 0.04 equiv, PPh; 0.16 equiv, base 2.5 equiv.

" Yields were determined by 'H NMR analysis unless otherwise stated.

€ Ni(acac), 0.01 equiv, PPhsz 0.02 equiv.

4 Isolated yield.

¢ Flash chromatography of the crude product gave two fractions: 4-benzylsulfanyl-6-chloro-N-ethyl-N-isopropyl-1,3,5-triazin-2-amine 11 (25%) and an inseparable
mixture of the starting material 9 and the desired cross-coupling product 10 (15%).

f Scaled-up reaction (8 g of 9), 10 was inseparable from the starting triazine after flash chromatography.
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Scheme 1. Synthesis of alkyne 14. Reagents and conditions: (a) NH3 (g), THF, rt, 20 h; (b) K,CO5, MeOH/THF (1:1), rt, 2 days, 80% (combined yield).

OPO(OBn),
15 16 17

Scheme 2. Synthesis of (4-azidophenyl)dibenzylphosphate 17. Reagents and con-
ditions: (a) 4-aminophenol 15 diluted in HCl aq (0.5 M HCl), 0 °C, then addition of
NaNO; aq (1.5 equiv), 0 °C, then addition of NaN5 aq (1.5 equiv), 0 °C (dilution in
order to obtain a 0.2 M HClI final solution), 20 h, 89%; (b) (BnO),P(O)H (2.5 equiv),
DIPEA (5 equiv), DMAP (0.5 equiv), CCl4/CH3CN (1:5), —15°C, 3 h, 81%.

resulting alkynylated product followed by cleavage of the TMS pro-
tecting group led to 2-ethynyl-4,6-dimethoxy-1,3,5-triazine 6. By
contrast, treatment of 3 with ethynylmagnesium bromide only
resulted in decomposition of the starting material (entry 2). An
identical outcome was observed when Grignard alkynylation was
attempted with the Ni(acac),-PPhs system'? (entry 3). Next, we
examined the Sonogashira reaction'* of 3 with TMSA in the pres-
ence of PdCly(PPhs), which gave 2-chloro-4,6-bis[(trimethyl-
silyl)ethynyl]-1,3,5-triazine 7 in 46% yield, with only traces of the
required monoethynylated product (entry 4). We then envisioned
the Sonogashira coupling of 6-chloro-N? N*-bis(2,4-dimethoxyben-
zyl)-1,3,5-triazine-2,4-diamine 8—bearing two acid-labile dime-
thoxybenzyl (Dmb) protecting groups for the amines'’—and
TMSA. Note that this triazine scaffold could lead to the synthesis
of triazoles 5 featuring two nitrogen functionalizations at C4
(NHR4) and C6 (R3). Unfortunately, with (Pd/C)/PPhs/Cul as the cat-
alytic system,® no reactions occurred (entries 5 and 6). Finally, we
opted for 2-benzylsulfanyl-4,6-dichloro-1,3,5-triazine 9'® as the
substrate, which allowed an orthogonal synthetic strategy, via the
sulfone chemistry (i.e., oxidative activation of the thioether), for
the generation of 1,3,5-trisubstituted combinatorial triazine
libraries.'® Under the previous reaction conditions with N,N'-diiso-
propylethylamine (DIPEA) as a base, triazine 9 gave rise to the
formation of the desired 2-benzylsulfanyl-4-chloro-6-(trimethyl-
silyl)ethynyl-1,3,5-triazine 10 in 15% yield, accompanied with 25%
yield of 4-benzylsulfanyl-6-chloro-N-ethyl-N-isopropyl-1,3,5-tria-
zin-2-amine 11 (entry 7). The latter results from the amination of
the starting material by DIPEA followed by the elimination of an iso-
propyl group.’® The same coupling reaction conducted at 25 °C for
24 h led to the recovery of triazine 9. However, replacement of the
catalyst (Pd/C)/PPhs by PdCl,(PPhs), afforded the desired cross-cou-
pling product 10 in a synthetically useful 38% yield (entry 8).

SB OPO(0Bn),

x@

The required deprotection of trimethylsilylacetylene 10 existing
as a mixture with 9 was problematic, since the reaction under TBAF
conditions (TBAF, THF, rt) resulted in decomposition, and that the
treatment of 10 with potassium carbonate (K,COs;, MeOH/THF, rt)
not only yielded to the expected free acetylene group but also to
concomitant substitution by methoxide anion on the 6-Cl position.
We overcame this difficulty by a prior introduction of the required
NH, group from the mixture containing 2-benzylsulfanyl-4,6-di-
chloro-1,3,5-triazine 9 and alkyne 10 (Scheme 1): thus, reaction
of ammonia with this mixture led to two fractions after flash chro-
matography, the less polar as an inseparable mixture of 12 and 13
(60% yield as determined by 'H NMR), and the more polar as pure
isolated compound 14 (20%). Treating the mixture of 12 and 13
with K,COs allowed the quantitative transformation of 13 into
14, in a combined yield of 80%.

With compound 14 in hand, we next turned out our attention to
the preparation of the desired 1,4-disubstituted-1,2,3-triazole
5.1718 First, (4-azidophenyl)dibenzylphosphate 17'° was prepared
in an optimized two-step process. 4-Azidophenol 16 was obtained
from 4-aminophenol by diazotization followed by treatment of the
resulting diazonium salt with azide anion (89%). Phosphorylation
of 16 with dibenzylchlorophosphate?® (in situ prepared from
dibenzylphosphite) gave 17 in 81% yield (Scheme 2).

Finally, the 1,3-dipolar Huisgen cycloaddition of alkyne 14 and
aryl azide 17 was carried out to give triazole 18 in 54% yield
(Scheme 3). Deprotection of 18 led to triazinyl-triazole phosphate
5 (66%) which was purified by reversed-phase C18 chromato-
graphy (CH3CN/H,0).

In conclusion, we described a study on the introduction of the
ethynyl group on substituted 1,3,5-triazine derivatives via Sono-
gashira coupling. To the best of our knowledge, triazole 5 is the
first example of click chemistry by Huisgen cycloaddition reaction
applied to the privileged structure triazine.?' This method will be
optimized and used in the synthesis of triazine libraries. This
compound and analogues will be investigated as potential cell
signalling inhibitors.
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Scheme 3. Synthesis of triazinyl-triazole phosphate 5. Reagents and conditions: (a) ascorbic acid (0.1 equiv), CuSO4 (0.01 equiv), H,O/t-BuOH (1:1), 30 °C, 24 h, 54%; (b) TFA

95%, 1t, 2 h, 66%.



C. Courme et al./ Tetrahedron Letters 49 (2008) 4542-4545

References and notes

. For selective recent examples, see: (a) Chen, H.; Taylor, ]. L.; Abrams, S. R.
Bioorg. Med. Chem. Lett. 2007, 17, 1979-1983; (b) Wilkinson, B. L.; Bornaghi, L.
F.; Houston, T. A.; Innocenti, A.; Vullo, D.; Supuran, C. T.; Poulsen, S.-A. J. Med.
Chem. 2007, 50, 1651-1657.

. For recent review on click chemistry, see: Kolb, H. C.; Sharpless, K. B. Drug
Discovery Today 2003, 8, 1128-1137.

. Xie, J.; Seto, C. T. Bioorg. Med. Chem. 2007, 15, 458-473.

. Choi, W. ].; Shi, Z.-D.; Worthy, K. M.; Bindu, L.; Karki, R. G.; Nicklaus, M. C.;
Fisher, R. J.; Burke, T. R., Jr. Bioorg. Med. Chem. Lett. 2006, 16, 5265-5269.

. (a) Nioche, P.; Liu, W.-Q.; Boutin, L.; Charbonnier, F.; Latreille, M.-T.; Vidal, M.;
Roques, B. P.; Garbay, C.; Ducruix, A. J. Mol. Biol. 2002, 315, 1167-1177; (b) Liu,
W.-Q.; Vidal, M.; Olszowy, C.; Million, E.; Lenoir, C.; Dhotel, H.; Garbay, C. J.
Med. Chem. 2004, 47, 1223-1233.

. For recent review on the privileged structure concept, see: DeSimone, R. W.;
Currie, K. S.; Mitchell, S. A.; Darrow, J. W.; Pippin, D. A. Comb. Chem. High
Throughput Screening 2004, 7, 473-494.

. Hajduk, P. ]J.; Bures, M.; Praestgaard, ].; Fesik, S. W. J. Med. Chem. 2000, 43,
3443-3447.

. For selective recent examples, see: (a) Hodous, B. L.; Geuns-Meyer, S. D.;
Hughes, P. E.; Albrecht, B. K.; Bellon, S.; Bready, J.; Caenepeel, S.; Cee, V. J.;
Chaffee, S. C.; Coxon, A.; Emery, M.; Fretland, J.; Gallant, P.; Gu, Y.; Hoffman, D.;
Johnson, R. E.; Kendall, R.; Kim, ]. L.; Long, A. M.; Morrison, M.; Olivieri, P. R.;
Patel, V. F.; Polverino, A.; Rose, P.; Tempest, P.; Wang, L.; Whittington, D. A.;
Zhao, H. J. Med. Chem. 2007, 50, 611-626; (b) Zheng, M.; Xu, C.; Ma, J.; Sun, Y;
Du, F; Liu, H.; Lin, L.; Li, C.; Din, ].; Chen, K.; Jiang, H. Bioorg. Med. Chem. 2007,
15, 1815-1827.

. (a) Minacagli, R.; Samaritani, S.; Gori, S. Tetrahedron Lett. 1999, 40, 8419-8422;
(b) Samaritani, S.; Menicagli, R. Tetrahedron 2002, 58, 1381-1386.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

4545

Menicagli, R.; Samaritani, S.; Zucchelli, V. Tetrahedron 2000, 56, 9705-9711.
Burckhardt, U.; Zimmermann, M. Ger. Offen. 2,209,470, 1972; Chem. Abstr.
1972, 77, P164744.

Triazoles 5 are structurally closely related to a phosphate-containing 1,4-
disubstituted thiazole which is an inhibitor of the Grb2-SH2 domain, see:
Caravatti, G.; Rahuel, J.; Gay, B.; Furet, P. Bioorg. Med. Chem. Lett. 1999, 9, 1973-
1978.

(a) Tamao, K.; Sumitani, K.; Kumada, M. J. Am. Chem. Soc. 1972, 94, 4374-4376;
(b) House, H. O.; Hrabie, ]. A.; VanDerveer, D. J. Org. Chem. 1986, 51, 921-929.
Takahashi, S.; Kuroyama, Y.; Sonogashira, K.; Hagihara, N. Synthesis 1980, 627-
630.

Hollink, E.; Simanek, E. E.; Bergbreiter, D. E. Tetrahedron Lett. 2005, 46, 2005-
2008.

(a) Bork, J. T.; Lee, J. W.; Kershonsky, S. M.; Moon, H.-S.; Chang, Y.-T. Org. Lett.
2003, 5, 117-120; (b) Chang, Y.-T. PCT/US 2004/0225125.

The synthesis of a phosphine oxide containing-triazole was recently reported
using a modular flow reactor by Ley and co-workers, see: Smith, C. D.;
Baxendale, . R.; Lanners, S.; Hayward, J. J.; Smith, S. C. Org. Biomol. Chem. 2007,
5, 1559-1561.

For the synthesis of piperidine-functionalized 1,4-disubstituted-1,2,3-triazoles
and their coupling with the triazine backbone, to form bivalent B-turn mimics,
see: Angell, Y.; Chen, D.; Brahimi, F.; Saragovi, H. U.; Burgess, K. J. Am. Chem.
Soc. 2008, 130, 556-565.

Dunkin, 1. R.; El Ayeb, A. A.; Gallivan, S. L.; Lynch, M. A. J. Chem. Soc., Perkin
Trans. 2 1997, 1419-1427.

Silverberg, L. ].; Dillon, ]. L.; Vemisbetti, P. Tetrahedron Lett. 1996, 37, 771-
774.

For an example of click chemistry involving pentafluorosulfanylacetylene and
2,4-diazido-6-diazomethyl-1,3,5-triazine, see: Ye, C.; Gard, G. L.; Winter, R. W.;
Syvret, R. G.; Twamley, B.; Shreeve, ]J. M. Org. Lett. 2007, 9, 3841-3844.



	Terminal alkyne-functionalized triazine by Sonogashira coupling: Synthesis synthesis of a potential cell signalling inhibitor via click chemistry
	AcknowledgementAcknowledgments
	References and notes


