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Introduction

Five-membered aromatic rings with three heteroatoms are a type of aromatic compound in which the various heteroatoms contribute very differently to the formation of aromatic conjugation. [START_REF] Majumdar | [END_REF] Among them, 1,3,4-oxadiazole and 1,3,4thiadiazole scaffolds constitute an important core structure in chemotherapeutic agents and have attracted significant attention due to their interesting biological activities and medicinal properties (Fig. 1), [2][3][4][5] including as a melanin-concentrating hormone receptor 1 (MCHr1) antagonist (1: AZD1979), [6][7] sphingosine kinase (SK) inhibitor (2: SKI-II), 8 5-HT4 receptor partial agonists (3), 9 glucocorticoid receptor modulator (4: BMS-341), 10 and FMS-like tyrosine kinase 3 (FLT3) inhibitor (5). 11 In addition, these compounds also play a fundamental role in bioorganic chemistry and material science. [12][13][14][15] Pyrimidine, a six membered heterocyclic compound bearing two N-atoms in the ring, constitutes an important component of nucleic acid and is widespread in Nature. [16][17] The pyrimidine system is an important pharmacophore endowed with druglike properties (Fig. 1), which is present in the BCRABL tyrosine kinase inhibitor imatinib (Gleevec, 6), 18 a dihydrofolate reductase inhibitor (Trimethoprim, 7), 19 a 5-HT 1A receptor agonist (Buspirone, 8), 20 and the HMG-CoA reductase inhibitor Rosuvastatin (Crestor, 9). 21 However, the synthesis of pyrimidine derivatives containing a 1,3,4-oxadiazole ring or 1,3,4thiadiazole ring, as well as their biological activities are seldom described in the literature. 22 During the course of a medicinal chemistry program, the synthesis of a pyrimidine intermediate containing a 1,3,4oxadiazole ring 3a (Table 1) became important for further transformations. Despite the simple structural features of this compound, our synthetic efforts towards 3a were met with significant setbacks, due to the low reactivity of the fivemembered ring. Herein, we report optimized conditions, substrate scope, and applications of the Pd-catalyzed C-N cross-coupling of 4-chloro-2-methylpyrimidines and 1,3,4-oxadiazol-2-amines or 1,3,4-thiadiazol-2-amines, which provide facile access to these compounds and their derivatives.

Results and Discussion

For this study, we chose 4,6-dichloro-2-methylpyrimidine 1a and ethyl 5-amino-1,3,4-oxadiazole-2-carboxylate 2a as model starting materials. Compound 2a can be prepared via oxidative cyclization from the corresponding acyhydrazone in good yields. [24][25] We first examined the reaction of 2a with 4,6dichloro-2-methylpyrimidine in the presence of different bases (Cs2CO3, NaH, NaO t Bu and LiHMDS) in 1,4-dioxane under conventional thermal heating conditions, which failed to effectively produce product 3a. In order to access 3a, we next examined the Pd-catalyzed Buchwald-Hartwig-type heteroarylamination procedure. Under classical conditions using 10 mol% Pd(OAc)2, 20 mol% BINAP and 1.5 equiv. of Cs2CO3 in 1,4-dioxane, the reaction proceeded and product 3a was obtained in 36% yield (Table 1, entry 1). We subsequently investigated the effect of various ligands on the yield. Xantphos ligand gave better results ( Various studies have indicated that microwave irradiation (MW) could accelerate the Pd-catalyzed C-N reaction. [26][27] However, attempts to increase the yield of 3a by performing the reaction under MW condition were not successful (Table 1, entry 17). [1,3,4] Having determined the optimal reaction conditions (Table 1, entry 15), the scope of the reaction was explored with different substituted pyrimidine derivatives 1 (Table 2), which were prepared by the reaction of 4,6-dichloro-2-methylpyrimidine 1a with arylamines or substituted piperazines, to afford various functionalized N-pyrimidin [1,3,4]oxadiazoles 3. 4-Chloro-2methylpyrimidine substituted by a phenyl group provided the desired product in good yield (Table 2, entry 2). 4-Chloro-2methylpyrimidine substituted by phenyl groups with electron withdrawing NO2 substituents were also tolerated, leading to the desired products 3c-d (Table 2, entries 3-4). Conversely, 4chloro-2-methylpyrimidine substituted by piperazine groups, resulted in decreased yields (Table 2, entries 5-7), especially for 2-(4-(6-chloro-2-methylpyrimidin-4-yl)piperazin-1-yl)ethan-1-ol (Table 2, entry 7). [1,3,4] Next, we extended the Pd-catalyzed heteroarylamination to 1,3,4-oxadiazol-2-amines bearing various substituents at the 5position (Table 3). The reaction conditions were compatible with phenyl (3h), benzyl (3q) and electron-donating substituents at the aryl moieties, such as methyl and methoxy groups (3k-l). In addition to electron-donating substitution, halogens such as F were also tolerated (3m). However, aryl groups with an electron deficient substituent led to a modest yield (3n). Additionally, aliphatic groups afforded the corresponding products with reduced yields (3o-p). On the other hand, and similar to the results observed in Table 2, 1,3,4-oxadiazol-2-amines bearing phenyl and benzyl groups did not react well with 4-chloro-2methyl-6-(4-methylpiperazin-1-yl)pyrimidine 1e and 2-(4-(6chloro-2-methylpyrimidin-4-yl)piperazin-1-yl)ethan-1-ol 1g under these conditions, providing the corresponding products in lower yields (3t-w). Finally, this procedure was applied to the preparation of Npyrimidin [1,3,4]thiadiazoles 5. As shown in Table 4, the Buchwald-Hartwig reaction could be used for the functionalization of 5-substituted 1,3,4-thiadiazol-2-amines by using 4-chloropyrimidine derivative 1 to provide the corresponding N-pyrimidin [1,3,4]thiadiazoles. Compared to the synthesis of N-pyrimidine [1,3,4]oxadiazoles, the decrease in yield may be due to poisoning of the Pd-catalyst by the S-atom in the 1,3,4-thiadiazole ring, which is consistent with other Buchwald-Hartwig amine arylation reactions with sulfurcontaining reagents, using a (NHC)Pd(R-allyl)Cl complex as the catalyst. 28 

Table 2. Preparation of N-pyrimidin

Table 3. Preparation of N-pyrimidin
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Conclusion

We have successfully developed an efficient Buchwald-type coupling method for the synthesis of novel Npyrimidin [1,3,4]oxadiazoles and N-pyrimidin [1,3,4]thiadiazoles using Pd(OAc)2 as the catalyst and xantphos as the ligand. The method employs readily available reagents and possesses broad scope and good functional group tolerance. Further efforts to utilize these compounds as versatile building blocks for assembling interesting heterocyclic molecules which can be applied in medicinal chemistry research are currently underway in our laboratories.

Figure 1 .

 1 Figure 1. Representative bioactive skeletons containing 1,3,4oxadiazole, 1,3,4-thiadiazole or pyrimidine frameworks.

a

  Reagents and conditions: 1 (0.2 mmol), 2 (0.3 mmol), Pd(OAc)2 (0.02 mmol), xantphos (0.04 mmol), NaO t Bu (0.3 mmol), DMF (2 mL), 36 h.

Table 1 .

 1 Optimization of the heteroarylamination reaction. a

		N	Cl N	Cl	+	H 2 N	O N N	O O	[Pd]/Ligand Base/Solvent	N	N Cl	N H	O	O N	N	O
			1a				2a					3a			
	Entry	[Pd]		Ligand			Base			Solvent		T( o C)	Yield 3a (%) b
	1	Pd(OAc)2		BINAP			Cs2CO3		Dioxane		100	36
	2	Pd(OAc)2		dppf				Cs2CO3		Dioxane		100	24
	3	Pd(OAc)2		xphos			Cs2CO3		Dioxane		100	trace
	4	Pd(OAc)2		P(t-Bu)3			Cs2CO3		Dioxane		100	15
	5	Pd(OAc)2		Sphos			Cs2CO3		Dioxane		100	trace
	6	Pd(OAc)2		xantphos			Cs2CO3		Dioxane		100	45
	7	Pd2dba3		xantphos			Cs2CO3		Dioxane		100	44
	8	Pd(OAc)2		xantphos			K2CO3		Dioxane		100	26
	9	Pd(OAc)2		xantphos		LiHMDS		Dioxane		100	40
	10	Pd(OAc)2		xantphos			NaO t Bu		Dioxane		100	56
	11	Pd(OAc)2		xantphos			NaO t Bu		Toluene		100	14
	12	Pd(OAc)2		xantphos			NaO t Bu			THF			100	46
	13	Pd(OAc)2		xantphos			NaO t Bu			DMF			100	68
	14	Pd(OAc)2		xantphos			NaO t Bu			DME			80	34
	15	Pd(OAc)2		xantphos			NaO t Bu			DMF			110	71
	16	Pd(OAc)2		xantphos			NaO t Bu			DMF			120	68
	17	Pd(OAc)2		xantphos			NaO t Bu			DMF			110	65 c

a Reagents and conditions: 1a (0.2 mmol), 2a (0.3 mmol), [Pd] (0.02 mmol), ligand (0.04 mmol), base (0.3 mmol), solvent (2 mL), 36 h. b Isolated yield. c microwave (MW) irradiation, 1 h.

Table 1 ,

 1 entry 6). A similar yield was obtained when Xantphos ligand was replaced by Pd2dba3 (Table1, entry 7). Replacement of Cs2CO3 by K2CO3 or LiHMDS led to lower yields and NaO t Bu gave a satisfactory yield (Table 1, entries 8-10). Next, we screened different organic solvents and identified DMF as the most effective solvent (Table 1, entry 13), while toluene resulted in a poor yield (Table 1, entry 11). The yield could be further improved by increasing the temperature to a maximum of 110 o C (Table 1, entry 15), whereas higher temperatures led to partial decomposition (Table 1, entry 16).

Table 4 .

 4 Preparation of N-pyrimidin[1,3,4]thiadiazoles 5a-g. a

		R 1									R 1				R 2
	N	N	Cl	+	H 2 N	S N N	R 2	NaO t Bu/ DMF Pd(OAc) 2 /xantphos 110 o C, 36 h	N	N	N H	S	N	N
		1				4						5		
	Entry				R 1			R 2	Product		Yield (%) b
	1				Cl			COOEt		5a				50
	2				Cl			Me		5b				38
	3				Cl			i-Pr		5c				35
	4	N-methylpiperazine	Ph		5d				41
	5	N-methylpiperazine	COOEt		5e				33
	6	N-methylpiperazine	Me		5f				25
	7	N-methylpiperazine	i-Pr		5g				16
	a Reagents and conditions: 1 (0.2 mmol), 4 (0.3 mmol), Pd(OAc)2 (0.02
	mmol), xantphos (0.04 mmol), NaO t Bu (0.3 mmol), DMF (2 mL), 36 h.

b Isolated yields.
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