
SCIENCE CHINA 
Chemistry 

© Science China Press and Springer-Verlag Berlin Heidelberg 2012  chem.scichina.com   www.springerlink.com 

                           
*Corresponding author (email: lyjzjut@zjut.edu.cn) 

• ARTICLES • July 2012  Vol.55  No.7: 1252–1256 

 doi: 10.1007/s11426-012-4605-y 

Solvent and catalyst free azo-Michael addition under high-speed 
vibration milling 

LI YuJin*, CAO YongWen, XU FengShuang, FANG WenMing, YU WuBin, 
JIA JianHong & GAO JianRong 

State Key Laboratory Breeding Base of Green Chemistry-Synthesis Technology; Zhejiang University of Technology, 
Hangzhou 310032, China 

Received October 3, 2011; accepted January 17, 2012; published online May 17, 2012 

 

Under the high-speed vibration milling conditions, the solvent and catalyst-free azo-Michael addition of chalcone derivatives 
and amines was found to proceed efficiently in excellent yields at ambient temperature in short reaction time. In most cases, 
conventional side reactions were avoided and thus quantitative yields were achieved. The influences of the vibration frequency 
and reaction time on the azo-Michael addition were investigated.  
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1  Introduction 

Environmental concerns about the solvent-based chemistry 
have stimulated renewed interest in the study of chemical 
reactions under solvent-free conditions [1–5]. Mechano-
chemistry is seldom attempted in organic synthesis. Even if 
attempted, mechanical processing of organic reactants is 
sometimes followed by additional treatment (usually heat-
ing) [6, 7], or occasionally it is carried out in the presence of 
a solvent [8]. During the past two decades, solvent-free or-
ganic synthesis has received considerable attention owing to 
growing worldwide concerns over chemical wastes and fu-
ture resources. Recently the technique of ‘high-speed vibra-
tion milling’ (abbreviated as HSVM) has been successfully 
utilized in organic reactions [9–11]. Beginning with re-
search largely from Wang’s group in China, there have been 
many reports on fullerene and non-fullerene mechano-
chemical reactions under HSVM conditions [12–16]. In the 
course of their study on mechanical organic synthesis，they 

were inspired to perform Michael reaction [17, 18]. Michael 
reaction is one of the most efficient methods for car-
bon-carbon bond formation and has wide synthetic applica-
tions [19–22]. Generally, Michael additions are conducted 
in a suitable solvent in the presence of a strong base, such as 
NaOH, KOH, Ba(OH)2, and NaOEt [23–25]. However, 
these drastic conditions often cause side reactions, such as 
bis-addition, auto-condensation, rearrangement and retro 
Michael additions, leading to low yields and difficulty in 
purification of the target product, and thus making it un-
suitable for the synthesis of desired compounds [26, 27].   

To avoid the aforementioned problems, solvent-free con-
ditions are undoubtedly an important method to be consid-
ered [28]. From these points of view, our group has applied 
the HSVM technique to synthesize β-enamino ketones (es-
ters) [29]. Herein, we report our study on the azo-Michael 
addition of chalcones with aliphatic amine or aromatic 
amines in the absence of a catalyst. In our present protocol, 
the azo-Michael addition reactions were found to proceed 
efficiently under solvent and catalyst-free conditions in 
very short reaction time under the HSVM conditions 
(Scheme 1).  
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2  Experimental 

The reagents were obtained from commercial sources. The 
1H NMR spectra were recorded at 500 MHz in CDCl3 with 
a Bruker AM 500 spectrometer. The HSVM was achieved 
with Retsch MM301 (Retsch GmbH, Haan, Germany). 

General procedure for the synthesis of compound 3 

A mixture of compound 1 (1 mmol) and amine 2 (1 mmol) 
was vigorously shaken by HSVM for a designated time. The 
obtained product 3 was purified by column chromatography 
on silica gel with petroleum ether–EtOAc (3:1) as an eluent.  

3-(Benzylamino)-1,3-diphenylpropan-1-one (3a) 
1H NMR (500 MHz, CDCl3)  7.90 (d, J = 7.0 Hz, 2H), 
7.54 (t, J = 7.5 Hz, 1H), 7.53–7.20 (m, 12H, ArH), 4.34 (dd, 
J = 9.0, 4.5 Hz, 1H), 3.65 (d, J =13.0 Hz, 1H), 3.58 (d, J = 
13.0 Hz, 1H), 3.40–3.28 (m, 2H), 1.77 (bs, NH). 

3-(Benzylamino)-3-(3-bromophenyl)-1-phenylpropan-1-one 
(3b) 
1H NMR (500 MHz, CDCl3)  8.01–7.18 (m, 14H, ArH), 
4.31 (dd, J = 8.5, 4.5 Hz, 1H), 3.66–3.57 (m, 2H), 3.36–3.25 
(m, 2H), 1.91(bs, NH). 

3-(Benzylamino)-3(3-nitrophenyl)-1-phenylpropan-1-one 
(3c) 
1H NMR (500 MHz, CDCl3)  8.36–7.20 (m, 14H, ArH), 
4.47 (dd, J = 8.5, 4.0 Hz, 1H), 3.67–3.58 (m, 2H), 3.39–3.31 
(m, 2H), 1.77(bs, NH). 

3-(Benzylamino)-1-phenyl-3-(4-(trifluoromethyl)-phenyl)- 
propan-1-one (3d) 
1H NMR (500 MHz, CDCl3)  7.97–7.21 (m, 14H, ArH), 
4.42 (dd, J = 8.5, 4.0 Hz, 1H), 3.67–3.58 (m, 2H), 3.42–3.30 
(m, 2H). 

3-(Benzylamino)-3-(4-bromophenyl)-1-(4-methoxyphenyl)- 
propan-1-one (3e) 
1H NMR (500 MHz, CDCl3)  7.91–7.23 (m, 13H, ArH), 
4.40 (dd, J = 8.5, 4.0 Hz, 1H), 3.85 (s, 3H), 3.64–3.57 (m, 
2H), 3.30–3.24 (m, 2H).  

3-(Benzylamino)-1-(4-methoxyphenyl)-3-(4-(trifluoromethyl)- 
phenyl)propan-1-one (3f) 
1H NMR (500 MHz, CDCl3)  7.90–6.87 (m, 13H, ArH), 
4.29 (dd, J = 8.7, 4.1 Hz, 1H), 3.86 (s, 3H), 3.66–3.57 (m, 
2H), 3.31–3.19(m, 2H). 

3-(Benzylamino)-1,3-bis(4-methoxyphenyl)propan-1-one 
(3g) 
1H NMR (500 MHz, CDCl3)  7.90–6.87 (m, 13H, ArH), 
4.27 (dd, J = 8.6, 4.2 Hz, 1H), 3.85 (s, 3H), 3.82 (s, 3H), 3.60 
(m, 2H), 3.28 (d, J = 8.6 Hz, 1H), 3.24 (d, J = 4.2 Hz, 1H). 

3-(Benzylamino)-1-(4-methoxyphenyl)-3-(4-nitrophenyl) 
propan-1-one (3h) 
1H NMR (500 MHz, CDCl3)  8.36–6.88 (m, 13H, ArH), 
4.45 (dd, J = 8.5, 4.4 Hz, 1H), 3.86 (s, 3H), 3.62 (d, J = 1.5 
Hz, 2H), 3.32 (d, J = 8.4 Hz, 1H), 3.27 (d, J = 4.5 Hz, 1H). 

3-(Benzylamino)-1-(4-methoxyphenyl)-3-phenylpropan-1- 
one (3i) 
1H NMR (500 MHz, CDCl3)  7.92–6.86 (m, 14H, ArH), 
4.33 (dd, J = 8.8, 4.1 Hz, 1H), 3.85 (s, 3H), 3.61 (m, 2H), 
3.30 (d, J = 8.8 Hz, 1H), 3.26 (d, J = 4.1 Hz, 1H). 

3-(p-Toluidino)-1,3-diphenylpropan-1-one (3j) 
1H NMR (500 MHz, CDCl3)  7.92–6.45 (m, 14H, ArH), 
4.97 (dd, J = 7.6, 5.3 Hz, 1H), 4.43(s, 1H), 3.45 (dd, J = 
28.2, 6.5 Hz, 2H), 2.17 (s, 3H). 

3-(p-Toluidino)-3-(3-nitrophenyl)-1-ph5enylpropan-1-one 
(3k) 
1H NMR (500 MHz, CDCl3)  8.32–6.46 (m, 13H, ArH), 
5.08 (t, J = 6.2 Hz, 1H), 4.54(s, 1H), 3.51 (d, J = 6.3 Hz, 
2H), 2.18 (s, 3H). 

3-(4-Methoxyphenylamino)-1,3-diphenylpropan-1-one (3l) 
1H NMR (500 MHz, CDCl3)  7.91–6.53 (m, 14H, ArH), 
4.92 (dd, J = 7.7, 5.1 Hz, 1H), 4.29 (s, 1H), 3.68 (s, 3H), 
3.46 (d, J = 5.1 Hz, 1H), 3.42 (d, J = 7.8 Hz, 1H). 

3-(3-Chlorophenylamino)-1,3-diphenylpropan-1-one (3m) 
1H NMR (500 MHz, CDCl3)  8.30–6.41 (m, 14H, ArH), 
5.08 (t, J = 6.0 Hz, 1H), 4.81 (s, 1H), 3.52 (d, J = 6.2 Hz, 
2H). 

1-Phenyl-3-(piperidin-1-yl)-3-(4-(trifluoromethyl)-phenyl)- 
propan-1-one (3n) 
1H NMR (500 MHz, CDCl3)  7.91–7.39 (m, 9H, ArH), 
4.29 (dd, J = 7.7, 5.8 Hz, 1H), 3.61 (dd, J = 16.7, 5.7 Hz, 
1H), 3.41 (dd, J = 16.7, 7.9 Hz, 1H), 2.84–2.27 (m, 4H), 
1.52 (m, 4H), 1.36 (dd, J = 11.5, 5.7 Hz, 2H). 

3-(3-Bromophenyl)-1-phenyl-3-(piperidin-1-yl)propan-1- 
one (3o) 
1H NMR (500 MHz, CDCl3)  7.95–7.13 (m, 9H, ArH), 
4.30–4.05 (m, 1H), 3.58 (dd, J = 16.6, 6.1 Hz, 1H), 3.35 (dd, 
J = 16.5, 7.5 Hz, 1H), 2.36 (m, 4H), 1.57–1.46 (m, 4H), 
1.40–1.28 (m, 2H).  

1-(4-Methoxyphenyl)-3-phenyl-3-(piperidin-1-yl)propan-1- 
one (3p) 
1H NMR (500 MHz, CDCl3)  7.92–6.90 (m, 9H, ArH), 
4.20 (dd, J = 7.5, 6.1 Hz, 1H), 3.87 (s, 3H), 3.53 (dd, J = 
16.1, 6.0 Hz, 1H), 3.35 (dd, J = 16.2, 7.5 Hz, 1H), 2.48– 
2.28 (m, 4H), 1.51 (m, 4H), 1.40–1.26 (m, 2H). 
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3-(3-Nitrophenyl)-1-phenyl-3-(piperidin-1-yl)propan-1-one 
(3q) 
1H NMR (500 MHz, CDCl3)  8.18–7.42 (m, 9H, ArH), 
4.36 (dd, J = 8.1, 5.5 Hz, 1H), 3.64 (dd, J = 16.8, 5.5 Hz, 
1H), 3.44 (dd, J = 16.8, 8.1 Hz, 1H), 2.39 (m, 4H), 
1.58–1.47 (m, 4H), 1.37 (dd, J = 11.5, 5.8 Hz, 2H). 

1-(4-Methoxyphenyl)-3-(piperidin-1-yl)-3-(4-(trifluoromethyl)- 
phenyl)propan-1-one (3r) 
1H NMR (500 MHz, CDCl3)  7.92–6.89 (m, 8H, ArH), 
4.18 (dd, J = 7.3, 6.1 Hz, 1H), 3.87 (s, 3H), 3.51 (dd, J = 
16.4, 5.9 Hz, 1H), 3.29 (dd, J = 16.4, 7.5 Hz, 1H), 2.40 (d,   
J = 5.1 Hz, 2H), 2.33 (d, J = 4.9 Hz, 2H), 1.58–1.46 (m, 4H), 
1.40–1.29 (m, 2H). 

3  Results and discussion 

The azo-Michael reaction of chalcone and benzylamine was 
first examined and found to proceed efficiently in excellent 
yield under HSVM under solvent and catalyst-free condi-
tions. All solvent-free reactions were performed using a 
high-speed vibration mill consisting of a capsule and a 
milling ball made of stainless steel [30]. The capsule con-
taining the milling ball was fixed on a vibration arm of a 
homebuilt mill, and was vibrated vigorously at a maximum 
rate of 1800 rpm. The solvent-free mechanochemical reac-
tion of chalcone 1 with benzylamine 2 under the HSVM 
conditions afforded essentially pure product 3 after washing 
the reaction mixture with water in most cases. 

To explore this reaction system, we have carried out this 
azo-Michael reaction at different vibration frequency and 
reaction time. It was found that the vibration frequency of 
the applied vibration mill had a significant effect on this 
reaction (Table 1). 

 

 
Scheme 1 

Table 1  Michael addition of benzylamine to chalcone 1 at different vi-
bration frequency and reaction time under HSVM conditions 

Entry Vibration frequency (Hz) Time (min) Yield (%)a) 

1 10 25 66 

2 20 25 90 

3 30 25 99 

4 30 10 78 

5 30 15 82 

6 30 20 96 

7 30 25 99 

a) The yield of 1H NMR. 

As shown in Table 1, higher vibration frequency of the 
vibration mill accelerated the reaction process significantly. 
It is easy to understand that the faster milling vibration 
gives the higher energy, and therefore the local pressure is 
applied to the reaction system. Furthermore, it was found 
that the decrease of the reaction time resulted in lower 
yields. The result indicated that the azo-Michael addition 
was obtained in good yield in the absence of any catalyst 
under HSVM conditions. 

From the above results, the reaction conditions of the vi-
bration frequency (30 Hz), reaction time (25 min) and raw 
material mole ratio (1:1) were selected for investigating the 
addition reaction of different amines 2 and chalcone or sub-
stitutional chalcone 1 (Scheme 2). 

 

 
Scheme 2 

This protocol does not require use of any base as cata-
lysts and any organic solvent during the reaction process 
and HSVM alone is enough to promote the reaction effi-
ciently. The yield of the azo-Michael addition is summa-
rized in Table 2. 

As shown in Table 2, the azo-Michael addition reactions 
generally gave products 3 in remarkably high yields. The 
electron-withdrawing and electron-donating of chalcone 1 
could participate in the reaction of benzyl amine and chal-
cone. This protocol can be extended to the azo-Michael ad-
dition of other amines such as secondary amine piperidine 
to chalcones with good yield in almost all cases. It is easy to 
understand that the lower reactivity of phenylamine gave 
the lower yield of this azo-Michael addition (entry 11, 12, 
13). Compared with existing methods, the main advantages 
of the present procedure are milder conditions, higher yield, 
shorter reaction time and occurrence of no side reactions. 
For example, compound 3a was previously prepared in 64% 
yield which was catalyzed by natural phosphate in MeOH at 
room temperature for 24 h [31], whereas under our solvent-        
free HSVM conditions, it was obtained in 98.1% yield at 
room temperature for 25 min. The reasons for the efficiency 
of the current solvent-free procedure may be an enhanced 
second-order reaction rate resulting from ultimately high 
concentrations of reactants with no use of a solvent. Fur-
thermore, in the HSVM technique, the high mechanical en-
ergy caused by local high pressure, friction, shear strain, etc. 
can significantly reinforce the reaction [13]. 

4  Conclusion 

In summary, a powerful method was described for azo-     
Michael addition of chalcones with amines in quantitative  
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Table 2  azo-Michael addition of different amines to chalcone under HSVM conditions 

Entry R1 R2 2 Product 3 Yield (%)a) 

1 H H benzyl amine 3a [31] 98 

2 m-Br H benzyl amine 3b 99 

3 m-NO2 H benzyl amine 3c 98 

4 p-CF3 H benzyl amine 3d 99 

5 p-Br –OCH3 benzyl amine 3e 90 

6 p-CF3 –OCH3 benzyl amine 3f 82 

7 p-OCH3 –OCH3 benzyl amine 3g 88 

8 p-NO2 –OCH3 benzyl amine 3h 90 

9 H –OCH3 benzyl amine 3i 94 

10 H –H p-Me-aniline 3j [32] 83 

11 m-NO2 –H p-Me-aniline 3k 59 

12 H –H p-MeO-aniline 3l [32] 52 

13 H –H m-Cl-aniline 3m [33] 47 

14 p-CF3 –H piperidine 3n 91 

15 m-Br –H piperidine 3o 91 

16 H –OCH3 piperidine 3p 89 

17 m-NO2 –H piperidine 3q 90 

18 p-CF3 –OCH3 piperidine 3r 90 

a) Isolated yield based on chalcone 1. 

 
 

yields in most cases. All these mechanochemical reactions 
were conducted under the catalyst-free and the HSVM con-
ditions. The advantages of a mild condition, high yield, and 
short reaction time together with a straightforward and easy 
work-up procedure make the present method convenient, 
effective and environmentally friendly, which could be a 
very efficient alternative to the classic methodology. 

This work was financially supported by the National Natural Science 
Foundation of China (20876148) and the Natural Science Foundation of 
Zhejiang (Y407306). 

1 Tanaka K, Toda F. Solvent-free organic synthesis. Chem Rev, 2000, 
100: 1025–1074 

2 Komatsu K, Fujiwara K, Murata Y. The fullerene cross-dimer C130: 
Synthesis and properties. Chem Commun, 2000, 1583–1584 

3 Komatsu K, Fujiwara K, Murata Y. The mechanochemical synthesis 
and properties of the fullerene trimer C180. Chem Lett, 2000, 29: 
1016–1017 

4 Balema VP, Wiench JW, Pruski M, Pecharsky VK. Mechanically in-
duced solid-state generation of phosphorus ylides and the solvent- 
free Wittig reaction. J Am Chem Soc, 2002, 124: 6244–6245 

5 Azizi N, Saidi MR. LiClO4 accelerated Michael addition of amines to 
,-unsaturated olefins under solvent-free conditions. Tetrahedron, 
2004, 60: 383–387 

6 Toda F. Solid state organic chemistry: efficient reactions, remarkable 
yields, and stereoselectivity. Acc Chem Res, 1995, 28: 480–486 

7 Makhaev VD, Borisov AP, Petrova LA. Solid-state mechanochemical 
synthesis of ferrocene. J Organomet Chem, 1999, 590: 222–226 

8 Nuchter M, Ondruschka B, Trotzki R. Mechanochemische oxidation 
organischer modellverbindungen mit kaliumpermanganat. J Prakt 
Chem, 2000, 342: 720–724 

9 Yashima E, Maeda K, Iida H. Furusho Y, Nagai K. Helical polymers: 
Synthesis, structures, and functions. Chem Rev, 2009, 109: 6102– 
6211 

10 Shu CY, Zhang JF, Ge JC, Sim JH, Burke BG, Williams KA, 
Rylander NM, Campbell T, Puretzky A, Rouleau C, Geohegan DB, 

More K, Esker AR, Gibson HW, Dorn HCA. Facile high-speed vi-
bration milling method to water-disperse single-walled carbon nano-
horns. Chem Mater, 2010, 22: 347–351 

11 Karousis N, Tagmatarchis N, Tasis D. Current progress on the chem-
ical modification of carbon nanotubes. Chem Rev, 2010, 110: 5366– 
5397 

12 Wang GW. Fullerene mechanochemistry. In: Encyclopedia of Nano-
science and Nanotechnology. Nalwa HS, Ed. American Scientific 
Publishers, Stevenson Ranch, 2004. Vol 3: 557–565 

13 Wang GW, Zhang TH, Hao EH, Jiao LJ, Murata Y, Komatsu K. 
Solvent-free reactions of fullerenes and N-alkylglycines with and 
without aldehydes under high-speed vibration milling. Tetrahedron 
2003, 59: 55–60 

14 Wang GW, Zhang TH, Li YJ, Lu P, Zhan H, Liu YC, Murata Y, 
Komatsu K. Novel solvent-free reaction of C60 with active methylene 
compounds in the presence of Na2CO3 under high-speed vibration 
milling. Tetrahedron Lett, 2003, 44: 4407–4409 

15 Zhang Z, Miao CB, Wang GW, Dong YW, Shen YB. Solid-state 
radical reactions of 1,3-cyclohexanediones with in situ generated 
imines mediated by manganese(III) acetate under mechanical milling 
conditions. Chem Commun, 2004, 1832–1833 

16 Zhang Z, Gao J, Xia JJ, Wang GW. Solvent-free mechanochemical 
and one-pot reductive benzylizations of malononitrile and 
4-methylaniline using Hantzsch 1,4-dihydropyridine as the reductant. 
Org Biomol Chem, 2005, 3: 1617–1619 

17 Zhang Z, Dong YW, Wang GW, Komatsu K. Highly efficient mech-
anochemical reactions of 1,3-dicarbonyl compounds with chalcones 
and azachalcones catalyzed by potassium carbonate. Synlett, 2004, 
61–64 

18 Zhang Z, Dong YW, Wang GW, Komatsu K. Mechanochemical Mi-
chael reactions of chalcones and azachalcones with ethyl acetoacetate 
catalyzed by K2CO3 under solvent-free conditions. Chem Lett, 2004, 
33: 168–169 

19 Bergman ED, Ginsberg D, Pappo R. The Michael Reaction in Or-
ganic Reactions. Blatt AH, Ed. John Wiley & Sons Inc, New York, 
1959. Vol 10, 595–623 

20 Oare A, Hock CH. Stereochemistry of the Base-Promoted Michael 
Addition Reaction in Topics in stereochemistry. Eliel EL, Wilen SH, 
Eds. Interscience, New York, 1989. Vol 19, 227–407 

21 Duval D, Geribaldi S. The Chemistry of Enones. Part 1. Patai S, 
Rappoport Z, Eds. Interscience, New York, 1989. 355 



1256 Li YJ, et al.   Sci China Chem   July (2012) Vol.55 No.7 

22 Talalay P, De Long MJ, Prochaska HJ. Identification of a common 
chemical signal regulating the induction of enzymes that protect 
against chemical carcinogenesis. Proc Natl Acad Sci, USA, 1988, 85: 
8261–8265 

23 Garcia-Raso A, Garcia-Raso J, Campaner B, Mestres R, Sinisterra JV. 
An improved procedure for the Michael reaction of chalcones. Syn-
thesis, 1982, 1037–1041 

24 Bram G, Sansoulet J, Galons H, Miocque M. Easy Michael addition 
by solid-liquid phase transfer catalysis abnormal reaction of 
N-acetylaminomalonate. Synth Commun, 1988, 18: 367–380 

25 Ganesh S, Sarkar A. Highly diastereoselective Michael addition to 
2-arylidene-1-tetralones complexed with Cr(CO)3. Tetrahedron Lett, 
1991, 32: 1085–1088 

26 Bergman ED, Ginsberg D, Rappo R. The Michael reaction. Org Re-
act, 1959, 10: 179–555 

27 Davey W, Gwilt JR. Chalcones and related compounds. Part Ⅱ. Ad-
dition of thiols and esters to the chalcone system. J Chem Soc, 1957, 
1015–1017 

28 Yang JM. Ultrasound-irradiated Michael addition of amines to ferro-

cenylenones under solvent-free and catalyst-free conditions at room 
temperature. J Organomet Chem, 2005, 690: 2989–2995 

29 Fan WM, Gao JR, Jia JH, Han L, Sheng WJ, Li YJ. Solvent-free syn-
thesis of β-enamino ketones (esters) under high-speed vibration mil-
ing(HSVM) condition. Chinese J Org Chem, 2010, 30: 1732–1736  

30 Komatsu K, Wang G.W, Murata Y, Tanaka T, Fujiwara K, Yama-
moto K, Saunders M. Mechanochemical synthesis and characteriza-
tion of the fullerene dimer C120. J Org Chem, 1998, 63: 9358–9366 

31 Zahouily M, Bahlaouan B, Rayadh A, Sebti S. Natural phosphate and 
potassium fluoride doped natural phosphate: efficient catalysts for the 
construction of a carbon-nitrogen bond. Tetrahedron Lett. 2004, 45: 
4135–4138 

32 Shobeiri Z, Pourayoubi M, Heydari A, Percino TM, Ramirez MAL. 
Ultrasound assisted synthesis of Cs2.5H0.5PW12O40: An efficient 
nano-catalyst for preparation of -amino ketones via aza-Michael ad-
dition reactions. C R Chimie, 2011, 14: 597–603 

33 Wang R, Li BG, Huang TK, Shi L, Lu XX. NbCl5-Catalyzed one-pot 
Mannich-type reaction: Three component synthesis of -amino car-
bonyl compounds. Tetrahedron Lett, 2007, 48: 2071–2073 

 


