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≢│⁸ ╛ ⌂≥─ ╩ ⇔√♫ⱡ☻◔כ

ꜟ כ♃☻ꜝ◒ ╩ ⇔⁸ ╛ ≢│ ≢⅝⌂™

♫ⱡ☻◔כꜟ ⌐ ⌂ ─ ╩ ≤⇔≡⅝√⁹∕─ ⁸ 1

≢№╢ ╛◖Ᵽꜟ♩╩ ∆╢◌ꜟⱲ◐◦꜠כ♩ כ♃☻ꜝ◒ ⁸

╛ ╩ ≤∆╢ ╩ ∆╢ ╩ ≤∆╢↓≤≢⁸◄☻♥ꜟ╛▪Ⱶ

√∫™≥ꜟכ◖ꜟ▪⁸♪ ─ ╩ ⇔√⁹ ⌐⅔

™≡│⁸ ╩ ™≡∕╣∙╣─ ╩ ∆╢ ⅜№╡⁸ ⅜ ∆╢

√┘⌐ ≢№╢ ─ ╩ ∂≡™√↓≤⅛╠⁸

כ♃☻ꜝ◒─ ╩ ⌂fiכꜞ◒╢╟⌐≥↓╢∆ ╩ ≢№

╢≤™℮ ⅜ ╠╣√⁹ 

≢╙⁸◄☻♥ꜟ ⌐⅔™≡ ™ ≤▪Ⱶfi ꜟכ◖ꜟ▪⌐

⌐◄☻♥ꜟ ⅜ ∆╢≤™℮ ⌂ ╩ ∆♩ꜞⱨꜟ○꜡

─כ♃☻ꜝ◒ ─ ╩ ™⁸ ⅜ ─ ≢№

╢↓≤⁸ ─ ⌐╟∫≡ ─ ⅜ ∆╢↓≤╩ ╠⅛⌐⇔⁸

─ ─ ╛ fi◓∆╢↓≤≢⁸♬כꜞ◒☻╩

─ ╙כ♃☻ꜝ◒ ⌂ ╩ ∆↓≤╩ ⇔√⁹∕─ ⁸◖Ᵽꜟ♩─

⅜ ╙ ╣√ ≤ ╩ ∆↓≤╩ ╠⅛⌐⇔⁸

⌐╟╢ ─ ≤≤╙⌐ ╩ ℮ ─ ≤ ╩ ℮↓≤≢◖

Ᵽꜟ♩ ⌐⅔™≡│ ⌐ ⇔√ ≢ ∆╢↓≤╩

⇔√⁹ 

ⱪ≢│⁸כꜟ◓  כ♃☻ꜝ◒ ≤⇔≡◌ꜟⱲ◐◦꜠כ♩ ⌐ ⅎ⁸

Ɫ꜡◕fi ╛Ⱬ♥꜡ ⌐╟╢ ╩ ≤⇔√ כ♃☻ꜝ◒⌂

─ꜝ▬Ⱪꜝꜞכ ╩ ╘≡⅝√⁹∕─ ⁸ ≤ ⁸≤™℮ ╖ ╦

∑⅛╠│ ≤○◐◦ꜝfi─ ─ ⅜ ╠╣╢↓≤╩⁸╕√⁸6

כ♃☻ꜝ◒ │ꜝ☺◌ꜟ ⌐╟╢ Ɫ꜡◕fi ─ ─

⌐ ╣√ ≤⌂╢↓≤╩ ╠⅛⌐⇔√⁹╕√⁸▬Ⱶ♪ ♅♃fi ⌐⅔™≡│⁸

╩ ⇔√ ⌐─╖▬Ⱶ♪ ─ ─ ⅜

∆╢↓≤⅜ ⅛∫√⁹↕╠⌐⁸Ɫ꜡◕fi ♃fi♃ꜟ ⌐⅔™≡│⁸▪ꜟ◐fi

─ ⌐╟╢ ─ ⌐⅔↑╢ ─ ⌐ ⇔⁸◒ꜝ☻

כ♃ ╩ ⇔√ ─ ⌐╟╢ ⅜ ⌂ ≤⌂╡℮╢↓

≤╩ ⇔√⁹ 

ⱪ≢│⁸כꜟ◓  כ♃☻ꜝ◒ ⌐╟╡ ╠╣√ ╩ ⅛⇔⁸◌ꜟⱲ

♩כ꜠◦◐ ⌐≤≥╕╠∏ ₁⌂ ≥◓fi♬כꜞ◒☻─ ≤

─ ╖ ╦∑⌐╟∫≡╟╡ ™ ╛ ─ ⅜ ↕╣╢ ╩

╢╦⅛⅛⅜Ⱶfi▪╛ꜟכ◖ꜟ▪⁸⇔ ┼≤ ⇔√⁹ ⌐ ╩

≤⇔⌂™ ─ ™ ─ ⌐ ╩⅔™√ ╩ ⇔√⁹ 

 

 CREST ⱶכ♅│≡™⅔⌐ ≤⇔≡ ₁⌂ ╩ ∆╢ ◒ꜝ

כ♃☻ ─ ⌂ ≤ ⁸ ⌐ ∆╢ ⅜ ╖⁸ ◒ꜝ☻

כ♃ ─ ⌐ ≠ↄꜟ▬☻ ╛ ─ ⅜ ─ ╩

≤∆╢ ⌐ ╦╢ ⌂ ≤⌂╡℮╢ ╩ √⁹ 

 



 

 -  - 

 

 

 

◄☻♥ꜟ  

200  

 

 

200  

 

 

200  

 

 

 

◄☻♥ꜟ  

200  

  

 

 

200  
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    H21.10 H27.3 

    H21.10 H22.3 

    H21.10 H27.3 

Pal Kundal   H21.10 H22.9 

Moumita Majundar  CREST  H22.4 H23.7 

Yang Yi  CREST  H22.4 H24.6 

   D2 D3 H21.10 H23.3 

   D1 D3 H22.4 H25.3 

   M2 H22.4 H23.3 

   D1 D3 H22.4 H26.3 

   D2 D3 H22.4 H24.3 

   D1 D3 H22.4 H25.3 

   D1 H22.4 H23.3 

    H22.7 H27.3 

   D1 D3 H22.7 H25.3 

   D1 D2 H23.4 H24.9 

   D1 D3 H23.4 H26.3 

   D1 D2 H23.4 H24.9 

   D1 D3 H23.4 H26.3 

Murugeshpandian 

Barasbramanian 

 CREST  H23.10 H25.3 

   D1 D3 H24.4 H27.3 

   D1 D3 H24.4 H27.3 

   CREST  H24.7 H25.3 

Mitali Paul  D1 D2 H24.10 H27.3 

   D1 D2 H25.4 H27.3 

   D1 D2 H25.4 H27.3 

   D1 D2 H25.4 H27.3 

   CREST  H25.4 H26.6 

Raphael Rochat  CREST  H25.4 H27.3 

   D1 H26.4 H27.3 

   D1 H26.4 H27.3 

Michael Lopez  D1 H26.4 H27.3 

Rahul Kavthe  CREST  H26.7 H27.2 

 

 

♩כ꜠◦◐Ⱳꜟ◌ה ─ ⁸⅔╟┘⁸ ⌐╟╢

כ♃☻ꜝ◒ ─ꜝ▬Ⱪꜝꜞכ  

כ♃☻ꜝ◒ה ╩ ™√ ─  

ה כ♃☻ꜝ◒ ⌐╟╢ꜝ☺◌ꜟ  



 

 -  - 

꜡♥Ⱬה ─כ♃☻ꜝ◒ ≤

┼─  

ה ╩ ≤⇔√ כ♃☻ꜝ◒  

 

  

 

    

  

 

 H22.4 H27.3 

    H22.7 H27.3 

    H23.4 H26.3 

   M1₩2 H23.4 H25.3 

   M1₩D2 H23.4 H27.3 

   M1₩2 H23.4 H26.3 

   M1₩D2 H23.4 H27.3 

    H24.4 H27.3 

    H24.4 H26.9 

   D1 H24.4 H25.3 

   M1₩D1 H24.4 H27.3 

   M1₩2 H24.4 H26.3 

   M1₩2 H24.4 H26.3 

   M2₩D2 H25.4 H27.3 

   M1₩D1 H25.4 H27.3 

   M1₩D1 H25.4 H27.3 

   M1₩2 H25.4 H27.3 

   M1₩2 H25.4 H27.3 

   M1₩2 H25.4 H27.3 

   M1 H26.4 H27.3 

   M1 H26.4 H27.3 

 

 

ה ─ ▬○fi ◌ꜟⱲ◐◦꜠כ♩ ╩ ⌐☻

╢╟⌐≥↓╢∆◓fi♬כꜞ◒ ⁸ ⁸ ┼─  

ה ╠╣√ ─Ɫ▬Ⱪꜞ♇♪  

 

 

H25 Aga

pie Agapie 1

3  

24 H24.5.8 H24.7.12 25 H25.5.6 H25.7.13 2

Tarun K. Panda

Panda

Theodor Agapie

H25.10.26 H25.11.4 Peter Junk H25.12.13 H26.2.3

John Arnold H26.7.17 H.26.7.25

 



 

 -  - 

   
 

כ♃☻ꜝ◒  ─ ה ⱪכꜟ◓  

 

 ╦╣╦╣│↓╣╕≢⌐⁸ כ♃☻ꜝ◒ ╩ ™╢↓≤≢ ≤│ ⅝ↄ ⌂

╢ ╩ ∆ ─ ⌐ ⇔⁸◄☻♥ꜟ ╛◄☻♥ꜟ ▪Ⱶ♪ ⁸

▪◦ꜟ ⌂≥─ ⌐ ⇔≡ ╘≡ ≢№╢↓≤╩ ╠⅛⌐⇔≡⅝√⁹

↕╠⌐ ⌂ ─ ≤⇔≡⁸ ↄ─ ─▪Ⱶ♪ ꜟ♥☻◄ה ⌐ ∆

╢ ╩ ═╢≤≤╙⌐⁸ כ♃☻ꜝ◒ ─ ╩↕╠⌐ ⅎ╢◒ꜝ☻♃כ ─

╩ ⇔≡ ╩ ╘√⁹ 

 ╕√⁸ ≡⇔≥♩♇◕כ♃─ √⌐⁸ ╩ ≤⇔√ ⌐ ⇔

√⁹ │ ⅛≈ ≢№╡⁸ ⌐ 0.04% ∆╢⁹↓─ │ ≢№╡⁸

╩ ≤⇔≡ ≢⅝╣┌⁸ ─ ─ ⌐ ≢№╢≤

↕╣≡™╢⁹⇔⅛⇔⌂⅜╠⁸ │ ≢ ∂╢ ≢№╢↓≤⅛╠ ⅛╢╟℮

⌐ ⌂ ≢№╡⁸∕─ ⌐│ ⌂◄Ⱡꜟ◑כ╩ ∆╢↓≤⅜ ™⁹∕─√╘⁸

⌂ ╩ ≤∆╢ ─ ⅜ ╘╠╣≡™╢⁹╦╣╦╣│⁸

⅜ ∆ ≤│ ⌂╢ ⁸ ⌐ ⌐ ∆╢ ─ ⌐╟╢

™ ╩ ™╢↓≤≢⁸ ⌐ ≢⅝╢ ╩ ∆╢↓≤╩

⇔ ╩ ∫√⁹ 

 

⅔╟┘ ⌐⅔↑╢ ▬○fi ─ ≤ כ♃☻ꜝ◒

─  

◄☻♥ꜟ ⅔╟┘◄☻♥ꜟӇ▪Ⱶ♪ ⌐⅔↑╢ ▬○fi─ ╩ ═╢

√╘⁸ ₁─ ◌ꜟⱲ◐◦꜠כ♩ ╩ ─Ⱶfi▪≥ꜟכ◖ꜟ▪≡⇔≥

⌐⅔↑╢▪◦ꜟ ╩ ⇔√ ⁸7 ─ ╩ ™√ ⌐

⌐ ⇔◄☻♥ꜟ╩ ≤⇔≡ ⅎ√⁹ ≢ ─◌ꜟⱲ◐

♩כ꜠◦ ╩ ≤⇔√ ⌐│ ⌂⅜╠ ⌐ ⅜ ⇔√⁹ ⅜

╡ ╦╢ ⌐№╢ 7⁸8 ─ⱴfi●fi⅔╟┘ ≢│ │ ↄ⁸ⱴfi●fi⌐™√∫

≡│ ≢│ ⁸ ≢│▪Ⱶⱡ ≤⌂╡⁸ ⌐╟╡ ⅜ ⌂

╢≤™℮ ⅜ ╠╣√⁹↓╣╠─ ╟╡⁸◄☻♥ꜟ╩▪◦ꜟ ≤⇔√▪◦ꜟ

⌐⅔™≡ ⁸▪Ⱶⱡ ─ │ ™╢ ▬○fi─ꜟ▬☻ ⁸Ɫה♪כ♁ⱨ♩

⌐ ↕╣╢↓≤⅜ ╠⅛≤⌂∫√⁹↓╣╠─ ─◓fi♬כꜞ◒☻ ⁸ ה

─ ⌐⅔™≡ ─ ⌐◖Ᵽꜟ♩ (II) ⅜ ╣√ ╩ ∆↓≤╩ ⇔

√⁹╕√⁸ ™↓≤⌐ ╩ ∆ ⌐⅔™≡⁸▪Ⱶfi─ ⅜

╩ ⌐ ↕∑≡™╢↓≤⅜ ⅛∫√⁹ 

 
ⱶכ◐☻ ▪Ⱶ♪ ◄☻♥ꜟ ⌐⅔↑╢ ─  

 

(II) ⅔╟┘◖Ᵽꜟ♩(II) ─ ⁸♩ꜞⱨꜟ○꜡ ⁸ⱧⱣ꜠כ♩ ⌐≈™≡

▪◦ꜟ ⌐⅔↑╢ ╩ ═√≤↓╤⁸ ─ ™ ╩ ∆

╢♩ꜞⱨꜟ○꜡ ╩ ™√ ⌐ ╙ ╩ ∆↓≤⅜ ⅛∫√⁹↕╠⌐⁸↓╣╠



 

 -  - 

─◌ꜟⱲ◐◦꜠כ♩ ╩ ∆╢↓≤≢ -1a כ♃☻ꜝ◒ c ⅔╟┘◖Ᵽꜟ♩

-2a כ♃☻ꜝ◒ c ╩ כ♃☻ꜝ◒─╠╣↓⁹√⇔ ╩◄☻♥ꜟ ⌐ ™√

≤↓╤⁸ ≡─ ≢ ╩ ╢ ╩ ⇔√⁹ 

 
ⱶכ◐☻ ╩ ∆ ⁸◖Ᵽꜟ♩ כ♃☻ꜝ◒  

 

™≡⁸ ╙ כ♃☻ꜝ◒⌂ ≢№╢ 1a⅔╟┘ 2a╩ ≤⇔√◄☻♥ꜟ

⌐ ⇔≡ ₁─ ─ ╩ ═√⁹▪Ⱶfi─╖⌂╠∏ DMAP⌂≥─

╩ ⇔√ ⌐╙ 1a, 2a─ ≢ ─ ⅜ ╠╣⁸↕╠⌐▪ꜟ◐

ꜟ☺▪Ⱶfi╛ 2,2ΐ-ⱦⱧꜞ☺fi⌂≥─ ♩כ꜠◐ ╩ ⇔√ ⌐ ⅝ↄ

⅜ ⇔√⁹↓╣│⁸ ⇔√ │ ≤⇔≡ ╩ ∆╢

╩ ♩כ꜠◐⁸╡⅔≡∫ ♩כ꜠◐│ ⌐╟╡↕╠⌐ ↄ ╩ ∆╢≤

ⅎ╠╣╢⁹ 

╡╟◓fi♬כꜞ◒☻─ ⌂ ╩ ⇔⁸⅛≈ ╡ ™─ ⌂ 2,2ΐ-

ⱦⱧꜞ☺fi╩ ≤⇔⁸ ⌐╟╢ 2c┼─ 2,2ΐ-ⱦⱧꜞ☺fi─♃▬♩

fiꜛ◦כ꜠ ╩ ∫√⁹ ⁸2,2ΐ-ⱦⱧꜞ☺fi─ ⅜ 20 כ♃☻ꜝ◒│≢╕

≤ ⌐№╢◖Ᵽꜟ♩ ⅜ ∆╢↓≤⅜ ╩ꜟכ◖ꜟ▪┼↓⧵⌐╠↕⁸╡⅛ ⅎ╢↓≤

≢▪ꜟ◖◐♁ 3 ⅔╟┘ⱥ♪꜡◐◦ 4 ╩ √⁹ ⁸ ≢▪

─ꜟכ◖ꜟ ╦╡⌐◄☻♥ꜟ╩ ⅎ√ ⌐│ │ ⇔⌂⅛∫√⁹ 

 
ⱶכ◐☻ ◖Ᵽꜟ♩ כ♃☻ꜝ◒ ≤ ⌐╟╢  

 

3╩ ≤⇔√ ⱨ▼♬ꜟ≤ 4-ⱷ♅ꜟⱬfi☺ꜟ▪ꜟ◖כꜟ≤─◄☻♥ꜟ

⌐⅔↑╢ ╩ ∫√≤↓╤⁸ │Ⱶ◌◄ꜞ☻הⱷfi♥fi ⌐ ℮↓

≤⅜ ╠⅛≤⌂∫√⁹↕╠⌐⁸ │ Ί▪ꜟ◖כꜟΊ◄☻♥ꜟ─ ╩ ⇔≡

∆╢↓≤⅜ ≥2cכ♃☻ꜝ◒⁸∟╦⌂∆⁹√╣↕ 2,2ΐ-ⱦⱧꜞ☺fi⌐╟╡ ∆╢

◖Ᵽꜟ♩ ≥ꜟכ◖ꜟ▪⅜ ∆╢↓≤≢ 3≤ 4╩ ⇔⁸3┼◄☻♥ꜟ⅜ ∆╢↓

≤≢ ⅜ ⇔◄☻♥ꜟ ⅜ ─כ♃☻ꜝ◒⁹╢∆ ≢ 4 ⅜

∆╢↓≤⁸⅔╟┘ Co(OCOt Bu)2╩ ≤⇔√ ⌐│ 3⅔╟┘ 4│ ╠╣⌂⅛∫



 

 -  - 

√↓≤─ כ♃☻ꜝ◒⁸╠⅛ ⅜ ∆╢ ─ꜟכ◖ꜟ▪╡╟⌐ ⱪ꜡

♩fi ⅜ ⇔⁸ ─ ≢№╢▪ꜟ◖◐♁ 3 ╩ ∆╢↓≤⅜

╩ ≥ⱪ♇♥☻כ◐─╘√╢∆ ⅎ╢⁹↓─↓≤⅛╠⁸◒ꜝ☻♃כ ╩ ™╢

⅜ ↕╣√⁹ 

 

כ♃☻ꜝ◒ ⌐╟╢ ♩כⱲⱠכ◌  

≤⇔≡⁸ ╛◘ꜞ♅ꜟ ┼─ │ ⌐ ↕╣≡™╢

⅜⁸↕╠⌐ ─ ┼─ ⅜ ╕╣≡™╢⁹∕↓≢⁸╦╣╦╣│

≤○◐◦ꜝfi≤─ ♩כⱲⱠכ◌╢╟⌐ ─ ⌐ ⇔√⁹ ⌐ ⇔√

כ♃☻ꜝ◒ │ ≤─ ⅜ ™↓≤⅜ ⅛∫≡™╢√╘⁸ ⁸

○◐◦ꜝfi ⌐ ∆╢↓≤╩ ⇔ ╩ ∫√⁹∕─ ⁸ ≤○◐◦ꜝ

fi─ ⌐╟╡ ⅜♩כⱲⱠכ◌ ⌂ ≢ ∆╢↓≤╩ ╠⅛⌐⇔√ Catal. 
Sci. Technol ., 2, 509 - 513 (2012) ⁹ ─ ♩כⱲⱠכ◌ ≢│ ה

⅜ ™╙─⅜ ™─⌐ ⇔≡⁸ ╩כ♃☻ꜝ◒ ™╢↓≤≢ 1 ⁸ ≤

™℮ ⌐ ⌂ ≢ ∆╢⁹╕√⁸ ≤⌂╢↓≤⅜ ╠╣≡™╢ NOx, SOx, 

CO, O2 ⅜ ∆╢ ≢╙⁸∕─ ╩ ⌂℮↓≤⌂ↄ ⅜ ∆╢≤™℮ ╩ ⇔

≡™╢↓≤⅜ ⅛∫√⁹↓─╟℮⌐⁸ ╩כ♃☻ꜝ◒ ™╢↓≤≢ ⌂ ≢─

⌐ ⇔√⁹ 

 
ⱶכ◐☻ כ♃☻ꜝ◒ ⌐╟╢ ≤○◐◦ꜝfi─  

 

☻◌fi☺►ⱶ≤ⱱ► ─ ⌐╟╢▪Ⱶ♪ ─ ─  

▪Ⱶ♪│ ™ ╩ ∆╢↓≤⅛╠∕─ │ ⌐ ≢№╡⁸ ≢№

╢ ╛ ꜟכ◖ꜟ▪ ≢│ ╕√│ ⌐⅔↑╢ ⅜ ≢№╢⁹↓

╣╕≢─ ⌐⅔↑╢ ─ ™ ╩ ╖⁸ ─ ╩ ╖⌐ ™╢↓≤

≢▪Ⱶ♪─ ⅜ ≢№╢─≢│⌂™⅛≤ ⅎ√⁹1 ▪Ⱶ♪─ ꜟכ◖ꜟ▪

╩⸗♦ꜟ ≤⇔≡ ₁─ ─ ╩ ∫√≤↓╤⁸☻◌fi☺►ⱶ♩ꜞⱨꜝכ♩≤Ⱳ

꜡fi ◄☻♥ꜟ╩ ╖ ╦∑√ ≢ ↄ ⅜ ∆╢↓≤╩ ⇔√⁹

│ ₁─ 1 ▪Ⱶ♪⌐ ≢№╡ ∆╢◄☻♥ꜟ⅜ ≢ ╠╣√⁹↕╠⌐⁸

│▪☿♅ꜟ▪♬ꜞfi ─ ▪☿♅ꜟ ⌐╙ ∆╢↓≤⅜≢⅝╢⁹

⌐╟╡ ╩ ™⁸☻◌fi☺►ⱶ≤Ⱳ꜡fi ◄☻♥ꜟ⅜ ⌐ ⅝⁸

≤ ⌐ ⇔≡™╢↓≤╩ ╠⅛≤⇔√⁹ 

 

 
ⱶכ◐☻ ☻◌fi☺►ⱶ≤Ⱳ꜡fi ◄☻♥ꜟ⌐╟╢ 1 ▪Ⱶ♪─ ꜟכ◖ꜟ▪

⅔╟┘▪☿♅ꜟ▪♬ꜞfi─ ▪☿♅ꜟ  

 Ⱬ♥꜡ כ♃☻ꜝ◒ ─ ≤ ה

ⱪכꜟ◓  



 

 -  - 

ᵑ ─⌡╠™ 

 

ᵒ  

▬Ⱶ♪ ♅♃fi ─ ─  

2

2 ⅜ ⌐ ↄ↓≤≢⁸ ≢│ ≢⅝⌂™

1

6

2 NMR

1 3

2

 

 

 
ⱶכ◐☻ .  ⌐╟╢ ⌂ Ί ─▪ꜟ◔♬ꜟ  

 

DFT

2 2 4



 

 -  - 

 

 
ⱶכ◐☻ .  ≢№╢ Ί ─  

 

♃fi♃ꜟ ⌐⅔↑╢▪ꜟ◐fi ◌♇ⱪꜞfi◓ 

ⱷ♃ꜝ◘▬◒ꜟⱨꜝ◓ⱷfi♩│ ₁⌂ ⌐⅔↑╢ ≢№

╡⁸ⱷ♃ꜝ◘▬◒ꜟ─ ⌐ ∫≡ Ί ─ ⅜ ∆╢⁹ ⱷ♃ꜝ◘

▬◒ꜟ ≢│⌂ↄ⁸ ⱷ♃ꜝ◘▬◒ꜟ ╩ ∆╢↓≤≢ ⌐⌂™ ⇔™ ─

⅜ ⌐⌂╢≤ ⇔⁸ ▪ꜟ◐fi╩ ≤⇔≡ ∆╢

─ ─ ╩ ∫√⁹ ─ ™ ╩ ∆╢

≤⇔≡▪ꜟ◐fi ╩ ∆╢♃fi♃ꜟ 1 ╩ ™≡⁸ꜟ▬☻ ≤─ ╩ ∫√≤↓

ꜟ♥כ◄⁸╤ ─ ≤≤╙⌐ ≤ ⅜ ⇔⁸ⱷ♃ꜝ◦◒

꜡Ɑfi♃☺◄fi ╩ ∆╢ 2╩ ⅎ√ ⱶכ◐☻ ⁹ 2│ 1000

─ 3-Ⱬ◐◦fi╩ 15 ≢Ⱬ◐◘◄♅ꜟⱬfi♀fi⌐ ∆╢╒≥ ™ ╩ ⇔√⁹

▪ꜟ◐fi─ 3 ─ ╩ ∆╢↓≤╩ ≤⇔⁸ 2 ╩ ◔▬

≢ ⇔√ ⁸ⱦ☻♩ꜞⱷ♅ꜟ◦ꜞꜟ▪☿♅꜠fi╩ ↕∑√≤↓╤⁸ⱦ☻♩ꜞⱷ♅

ꜟ◦ꜞꜟ▪☿♅꜠fi⅜ ⇔√ 3 ⅜ ╠╣√⁹↕╠⌐ 3 ─ⱷ♃ꜝ◦◒꜡Ɑfi♃☺

◄fi ≤ ₁─▪ꜟ◐fi⅜[4+2] ─ ≢ fiכ꜠▪≢≥↓╢∆ 4- 6╩

ⅎ╢↓≤⅜ ⅛∫√ ⱶכ◐☻ 4- 2- 2 ⁹NMR ╛ X ⅛╠⁸↓─

│ Diels - Alder ≢ ⇔≡™╢↓≤╩ ╠⅛≤⇔√⁹↓╣╕≢▪ꜟ◐fi─ 3

⌐⅔™≡⁸ⱷ♃ꜝ◦◒꜡Ɑfi♃☺◄fi≤▪ꜟ◐fi│ Diels - Alder ≢ ∆╢↓≤⅜

↕╣≡™√╙──⁸ ⌐ ≢⅝√ │ ⌐♦◙▬fi↕╣√♩ꜞ▬fi╩ ™

√ ⌐ ╕∫≡™√⁹ ₁│♃fi♃ꜟ ╩ ™╢↓≤⌐╟╡⁸ⱷ♃ꜝ◦◒

꜡Ɑfi♃☺◄fi≤▪ꜟ◐fi─ ⌐⅔™≡╙⁸Diels - Alder ≢ ∆╢ ⅜

∆╢↓≤╩ ⇔√⁹ 

Ta

Et Et

Cl

OCl
O

Cl

Ta Ta

Et

EtEt

Et

Cl

ClCl Cl

Cl

ClAlCl3 (2 eq)

toluene, 80 ÜC,

 30 min.

ï AlCl3(dme)
75% yield1

2

2
Ta Ta

Et

Et
Et

Et

Cl

Cl
Cl

Cl

Me3Si SiMe3

3

64% yield

Me3Si SiMe3

toluene, 90 ÜC, 12 h

2)

ï 2 ClSiMe3,

 ïMe4-pyrazine

1) N N SiMe3Me3Si

 
ⱶכ◐☻ Ӈ Ӈ ⱷ♃ꜝ◦◒꜡Ɑfi♃☺◄fi ╩ ∆╢♃fi♃ꜟ ─  

 



 

 -  - 

R R

Me3Si

Ta TaCl

Cl Cl

Cl

Et

Et
Et

Et

SiMe3

R

R

Me3Si

Ta Ta
Cl

Cl Cl

Cl

Et

EtEtR

R

Et

SiMe3

Diels-Alder Type Cyclization

4: R = Et (82% yeild)

5: R = Me (75% yeild)

6: R = nPr (80% yield)

Ta Ta

Et

Et
Et

Et

Cl

Cl
Cl

Cl

Me3Si SiMe3

 
ⱶכ◐☻ Ή Ή Diels - Alder ≢ ∆╢ⱷ♃ꜝ◦◒꜡Ɑfi♃☺◄fi≤▪ꜟ◐fi─

[4+2] fiכ꜠▪╢╟⌐ ─  

 

▪Ⱶ♪ ⌐╟╢ ─  

 Ί ─ⱷ♃ꜟ │⁸ ⅝ ↄ ≤─ ⌐╟╡ ≢

╩ ≤∆╢↓≤⅛╠⁸ ╘≡ ⌂ ≢№╢⁹╦╣╦╣│

⌐ ─ ╩ ∆╢ ╩ ∆╢↓≤≢ ─ ⅜ ⌐ ⅝⁸

≢│ ≢⅝⌂™ ─ Ί ⅜ ⌐⌂╢≤™℮ ⅛╠⁸Ⱬ♥꜡

⌐╟∫≡ ↕╣√ ╩ ™√ Ί ─ ╩ ∫√⁹ 

 ▪ꜟ◖◐◦♪╙⇔ↄ│▪Ⱶ♪ ⌐╟∫≡ ↕╣√▪ꜟⱵ♬►ⱶ ≤◌ꜟⱣ

╩ꜟכ♂ ↕∑√≤↓╤⁸▪ꜟ◖◐◦ │ CΊH ⌐ ╩ ↕⌂⅛∫

√─⌐ ⇔⁸▪Ⱶ♪ │ C(sp 2)ΊH ⅜ ↕╣ ⌂ ⅜ ∆

╢↓≤╩ ™∞⇔√⁹ ╠╣√ ─ X ⅛╠⁸↓╣╠─ ─ ™│⁸

─ Al2X2 ⅜ ≢№╡⁸ ─ CΊH ≤ AlΊC ⱷ♅ꜟ ≤─ ⌐

⌂ ╩ ≢⅝╢⅛≥℮⅛⌐ ∆╢↓≤╩ ╠⅛⌐⇔√ ⱶכ◐☻ ⁹ 

 

 
ⱶכ◐☻ . ▪ꜟⱵ♬►ⱶ ⌐╟╢ Ί ─ⱷ♃ꜟ  

 

 ↕╠⌐ ▪ꜟ◐ꜟ ╩ ™√ ╩ ╘√ ⁸☺▪ꜟ◐ꜟⱴ◓Ⱡ◦►ⱶ

≤ 2 ─ ⌐╟╡ ∆╢ ⱴ◓Ⱡ◦►ⱶ▪ꜟ◐ꜟ ⅜⁸ ─

─ ≤⇔≡ ∆╢↓≤╩ ╠⅛⌐⇔√⁹ │⁸ ≤⌂╢ ─

╩ ≤⇔≡ ⇔≡⅔╡⁸ ⌐ Ί ╩ ╡ ∆ ™

╩ ∆╢ⱴ◓Ⱡ◦►ⱶ ╩ ™╢↓≤≢⁸ ™ ⌐⅔™≡╙ ≢№╡⌂⅜

╠╙ ╩ ∆╢ ─ ⌐ ⇔√ ⱶכ◐☻ ⁹ │⁸ⱴ

◓Ⱡ◦►ⱶ ╩ ≤⇔√ ╘≡─ ─ ≢№╡⁸ ▪ꜟ◐ꜟ

╩ ≤⇔≡╙ ╩ √ ⅜ ≢№╢↓≤╩ ∆

⌐ ⌂ ≢№╢⁹ 



 

 -  - 

 
ⱶכ◐☻ . ▪ꜟⱵ♬►ⱶ ⌐╟╢ Ί ─ⱷ♃ꜟ  

 

╩ ™√ ─  

 ⌐ ™╠╣╢ │ ⌐▪ꜟ◌ꜞ ╛▪ꜟ◌ꜞ ─

≢№∫√⁹⇔⅛⇔⌂⅜╠⁸↓╣╠ ╩ ™√ │ ∆╢ ─

─ ⅜ ∏⇔╙ ≢⌂™┌⅛╡⅛⁸ ∆╢ ─ ⅜

≤ ♩כ▪≡⇔ ⅜ ⇔⁸ ╩ ⌐∆╢≤™℮ ⅜№∫√⁹∕↓

≢ ₁│⁸ ⌐ ╦╢ ⇔™ ≤⇔≡ ◔▬ 1- 4 ╩ ⇔⁸

♃fi♃ꜟ⁸♃fi◓☻♥fi⁸∕⇔≡♅♃ⱡ☿fi─ ╩ ∫√⁹ 

 
SiMe3

SiMe3

R

1a: R = H

1b: R = Me

N

N

SiMe3

SiMe3

R2

2a: R1  = R2 = H

2b: R1  = Me, R2 = H

R1

R2 R1

2c: R1  = R2 = Me

N

SiMe3

SiMe3

3

N

SiMe3

N

SiMe3

4  
ⱶכ◐☻ ◔▬ 1- 4─  

 

 ◔▬ 1b│ ╩ ∆╢↓≤⌂ↄ⁸ ≢ ♃fi♃ꜟ╩ ⌐

∆╢↓≤⅜≢⅝╢⁹↓─ ╩a-☺▬Ⱶfi ≢ ℮↓≤⌐╟╡⁸

a-☺▬Ⱶfi ─ ╩ ∫≡ ♃fi♃ꜟ 5 ⅜ ≢

╠╣√⁹ ◔▬ 1b╩ ™√ │ ♃fi◓☻♥fi⌐╙ ≢⅝⁸♩

ꜟ◄fi ⁸ ♃fi◓☻♥fi╩ ─ 1b≤ ↕∑√ ⌐│ ≢

⅜ ⇔⁸2 ♃fi◓☻♥fi ≤ 3 ♃fi◓☻♥fi ─ ⅜ ╠╣√⁹↕╠⌐ THF⅛╠

╩ ℮↓≤≢⁸ ─ ⅜ 2.33 ≢№╢ ♃fi◓☻♥

fi 6⅜ ╠╣√⁹ 

 

toluene, rt., 12 h

N NAr Ar

R R

Ar = 2,6-iPr2C6H3

TaCl5 1b  (1 eq)
Ta

Cl

Cl

Cl

Ta

Cl

Cl

N

N

Ar

Ar

R

R

N

N

Ar

Ar

R

R

5: R =

TaCl6

 
ⱶכ◐☻ 1b╩ ™√♃fi♃ꜟ ─  



 

 -  - 

 

WCl6
toluene, rt., 12 h

- 3.5 Me3SiCl
- 1.75 C6H3CH3

1b  (excess)

W W
W

Cl

Cl Cl

Cl
THF

Cl

THF

Cl

THF

Cl

6

(WCl2.5)n

THF

 
ⱶכ◐☻ 1b╩ ™√ ♃fi◓☻♥fi ─  

 

 ◔▬ 1 │◦◒꜡Ɑfi♃☺◄♬ꜟ ─ ╩ ∆╢ ⌂

╩ ≢⅝⌂™≤™℮ ⅜№∫√⁹∕↓≢ ◔▬ ─ ─

╩ ≤⇔≡ ─ ╩ ⇔√ ⁸ ⅛╠ ↕╣√ 2- 4

⅜ 1 ╟╡╙ ⌐◦ⱨ♩⇔√ ╩ ⇔√⁹↓╣╠─ │♅♃ⱡ☿fi

─ ⌐ ≢№╡⁸ ⌐ⱷ♅ꜟ ╩ ∆╢ ◔▬ 2b, 2c│

♅♃fi 7─ ⌐ ≢№∫√⁹ ⌐⁸ ◔▬ 2c╩ ™

╢↓≤≢ ♃fi♃ꜟ 8─ ⌐╙ ⇔√⁹ 

 

THF, rt., 16 h

- Me3SiCl

- 0.5 Menpyrazine

(n = 2, 4)

2b or 2c  (0.5 eq)

Ti
Cl

Cl
Ti

Cl

Cl Ti1/2

TaCl Cl

Cl Cl

benzene, rt., 14 h

- Me3SiCl

- 0.5 Me4pyrazine

2c  (0.5 eq)
Ta

Cl

Cl Ta1/2 Cl
Cl

Cl
Cl

7

8  
ⱶכ◐☻ ◦◒꜡Ɑfi♃☺◄♬ꜟ ╩ ∆╢  

 



 

 -  - 

3

 

 

 ╩ ∆╢ כ♃☻ꜝ◒ │⁸∕─ ⅜ ≈

─ ⌐╟∫≡ ╦╣≡⅔╡⁸ ─ ╩╦∏⅛⌐ ⅎ╢↓≤≢◒ꜝ☻

כ♃ ≤⇔≡∕─ ╩ ─ ≢ ∆╢↓≤⅜ ≢№╢⁹ ⌐⸗

ꜞⱩ♦fi כ♃☻ꜝ◒ ⌐≈™≡│ ₁⌂ ╩ ∆╢[Mo2]
4+ ⅜ ↕╣⁸↕

╠⌐Ɫ꜡◕fi ▪ꜟ◐ꜟ─ Ɫ꜡◕fi ╩ ⌐ ⇔≡ ꜝ☺◌ꜟ╩ ⇔⁸

│[Mo2]
5+┼≤ ↕╣╢↓≤⅜ ↕╣≡™╢⁹∕↓≢╦╣╦╣│[Mo2]

4+─

⌂ ⌐ ⇔⁸ ≤⇔√Ɫ꜡◕fi ▪ꜟ◐ꜟ⅛╠─ ꜝ☺◌ꜟ ≤

┼─ ⌐ ∆╢ ╩ ∫√⁹ 

 

 

כ♃☻ꜝ◒ ⌐╟╢ꜝ☺◌ꜟ ⁸⅔╟┘⁸ꜝ☺◌ꜟ  

╦╣╦╣│ ⌂ ⅜☻ⱶכ☼⌐ ∆╢ ≤⇔≡⁸ ≤⇔≡

ⱬfi♂◄כ♩ ⁸▪Ⱶ☺Ⱡכ♩ ⁸╙⇔ↄ│◓▪♬☺Ⱡכ♩ ╩ ∆╢⸗ꜞ

Ⱪ♦fi כ♃☻ꜝ◒ ╩ ™√≤↓╤⁸ ─ ⌐╟╡ꜝ☺◌ꜟ

≤ꜝ☺◌ꜟ ─ ⅜ ≢№╢↓≤╩ ⇔√ ⱶכ◐☻ ⁹

─ ™ⱬfi♂◄כ♩ ╩ ≈⸗ꜞⱩ♦fi Mo2(O2CC6H2
i
Pr3-2,4,6)4

⅛╠─ ꜝ☺◌ꜟ ≤ Ⱬ◐☿fi╛◦◒꜡Ɑfi♥fi⌂≥┼─

⅜ ∆╢↓≤⅜ ⅛∫√⁹ ⁸ Mo2(ArNCHNAr)4 

(Ar = 4ïC8H17OC6H4) [Mo2]
4+/5+

1.3  

 ╕√⁸ ─ ≤⇔

≡∕╣∙╣─ כ♃☻ꜝ◒

≤Ɫ꜡◕fi ▪ꜟ◐ꜟ─

╩ ∫√⁹∕─ ⁸◌

ꜟⱲ◐◦꜠כ♩ ╩ ∆

╢ ⌐⅔™≡│⁸Ɫ꜡◕fi

▪ꜟ◐ꜟ≤─ ⌐╟╡◌

ꜟⱲ◐◦꜠כ♩ ─

⅜◄☻♥ꜟ ≤⇔≡

⇔⁸Ɫ꜡◕fi ▪♬○fi⅜

≤⌂∫√ ⅜ ∆

╢↓≤╩ ⇔√⁹ ⁸▪Ⱶ

☺Ⱡכ♩ ╛◓▪♬☺Ⱡ

♩כ ╩ ∆╢ ─ ⌐│⁸∕╣∙╣─ ⅜⸗ꜞⱩ♦fi ⌐ ⌐ ⇔

≡⅔╡⁸ כ♃☻ꜝ◒ ⅛╠Ɫ꜡◕fi ▪ꜟ◐ꜟ┼─ ⌐╟╡ Ɫ꜡◕fi

⅜ ⌐ ↕╣╢ ⁸ ꜝ☺◌ꜟ─ ≤≤╙⌐▬○fi ⸗ꜞⱩ♦fi ⅜

∆╢↓≤╩ ☻Ɑ◒♩ꜟ ⁸⌂╠┘⌐⁸ ⌐╟╡ ╠⅛⌐⇔

√⁹ 

 

כ♃☻ꜝ◒ ⌐╟╢ Ɫ꜡◕fi ─ ⌂ Ɫ꜡◕fi  

Ɫ꜡◕fi ▪ꜟ◐ꜟ─ ⌂ ─ ⌐ ⇔⁸ ╩ ⅎ

╢↓≤≢ Ɫ꜡◕fi ┼≤ ⇔√⁹↓─ │⁸ ⌐⅔™≡ ⅛≈

⅜ ╘≡ ™Ɫ꜡◕fi ▪ꜟ◐ꜟ─ ⌐≈⌂⅜╢↓≤⅛╠⁸ ⁸∕─

⅜ ⌐ ╦╣≡™╢⁹ ⁸⸗ꜞⱩ♦fi כ♃☻ꜝ◒ ╩ ≤⇔⁸ ≤⇔≡

◦◒꜡Ⱬ◐◘☺◄fi ╩ ≤∆╢↓≤≢ Ɫ꜡◕fi ⅜ ╛⅛⌐

ⱶכ◐☻ ⸗ꜞⱩ♦fi כ♃☻ꜝ◒

╩ ≤⇔√ꜝ☺◌ꜟ ה  



 

 -  - 

∆╢↓≤╩ ⇔√⁹ ─

╩ ≤⇔√ Ɫ꜡◕

fi ⌐⅔™≡│⁸

☻☼ ⌂≥─

╩ ™╢↓≤⅜ ↄ⁸╕√⁸

╩ ≤∆╢ ⌐│

ꜟ♥♬►ⱶ

╩ ™≡ ╩ ⇔√

⅜ ≢№╢⁹ ⌐

╟╡⁸⸗ꜞⱩ♦fi ◒ꜝ☻♃

כ ─ ⌐╟╢

┼─ ⅜ ≢№╢↓≤⅜

╠⅛≤⌂∫√⁹ 

 ↕╠⌐⁸ ⌐⅔™≡

∆╢ ─ ⌐ ∆╢

⌂ ╩ ╘√ ⁸ ◒

כ♃☻ꜝ ≤⇔≡∕─

⅜ ⌐ ⅝ↄ⁸╕√⁸

Ɫ꜡◕fi ─ ≢

⅜ ⇔⌂™▪♬○fi ◒

כ♃☻ꜝ ⅜ ╙ ╩

∆↓≤⅜ ⅛∫√ ⱶכ◐☻

⁹╕√⁸ ⅜

╟ↄ ∆╢ │ ꜝ☺

◌ꜟ⌐╟╢◦◒꜡Ⱬ◐◘☺◄fi

⅛╠─ ─ ⅝ ⅝≤⁸ ↄ◦◒꜡Ⱬ◐◘☺◄fi ─ꜝ☺◌ꜟ ⌐╟╢

כ♃☻ꜝ◒ ─ ≢№╢↓≤╩ ⇔√⁹ 

 

╩ ™╢♫ⱡ☻◔כꜟ כ♃☻ꜝ◒ ─ ⌂ ≤

ה ⱪכꜟ◓  

ᵑ ─⌡╠™ 

 ─ ⅜ ─╟℮⌂ ╩ ⇔≡ ⇔√╙─≤⇔≡ ╠╣≡™╢ ◒ꜝ☻

כ♃ │⁸ ─ ─ ╛⁸ ⌐╟╡⁸ ≢│⌂⇔ ⌂™ ⁸

╩ ∆↓≤⅛╠ ╩ ╘≡™╢⁹↓─╟℮⌂ ⌂ ╩ ≈ כ♃☻ꜝ◒

╩ ∆╢↓≤⌐╟╡⁸ ↄ ⇔™ ╩ ∆ ⇔™ ─ ⅜ ≢│⌂™⅛≤

ⅎ╠╣╢⁹∕↓≢╦╣╦╣│⁸ ₁│⁸ ╢↑⅔⌐[Pt4(m-OCOCH3)8]כ♃☻ꜝ◒

♩כ♥☿▪ ⅜ ⌂ ╩ ∆ ⌐ ⇔⁸↓╣≤☺◌ꜟⱲfi

≤─ ⌐╟╢ ⌂ ╩ ⇔√⁹ 

 

ᵒ  

כ♃☻ꜝ◒ ─ ≤  

⁸│ [Pt4(m-OCOCH3)8]כ♃☻ꜝ◒  ⌐ ⇔√ ≈─ (и)▬○fi╩ ≈

♩כ♥☿▪─ ⅜ ⇔√ ╩╙≈ כ♃☻ꜝ◒ כ♥☿▪─╠╣↓⁸╡№≢

♩ ─℮∟⁸ ≤ ∂ ⌐ ∆╢ ♩כ♥☿▪─≈ ─╖⅜

⌐ ≢№╢↓≤⅜ ╠╣≡™╢⁹ ₁│↓─ ⌐ ⇔⁸☺◌ꜟⱲfi ─╟℮⌂

ꜞfi◌כ ╩ ™╢↓≤≢ ─כ♃☻ꜝ◒ ╩ ⇔√⁹ 

⌐[Pt4(m-OCOCH3)8]כ♃☻ꜝ◒  ⇔⁸ ⌐ꜞfi◌כ ≤⇔≡☺◌ꜟⱲfi

╩ ↕∑√ ⅜♩♇♬ꜚכ♃☻ꜝ◒⁸ ⌐ ⌂∫√╙─≤ ⅎ╠╣╢ ⅜

─כ♃☻ꜝ◒≢↓⧵⁹╢∆ ╩ ∆╢√╘⌐⁸ ⌂◐ꜗ♇ⱪ ╩№

ⱶכ◐☻ ⸗ꜞⱩ♦fi כ♃☻ꜝ◒

╩ ™√ ⌂ Ɫ꜡◕fi  



 

 -  - 

╠⅛∂╘ ⇔√ ╩ ∆╢ ╩ ⇔√ ⱶכ◐☻ ⁹ ◒ꜝ☻

≥[Pt4(m-OCOCH3)8]כ♃ ₁─▪Ⱶ☺fi ╩ ↕∑╢ ⌐╟╡⁸ כ♥☿▪

♩─ ⅜ ⌐▪Ⱶ☺Ⱡכ♩⌐ ↕╣√ ─  (mono◐ꜗ♇ⱪ ⁸tran◐

ꜗⱪ ⁸cis◐ꜗ♇ⱪ ⁸tri ◐ꜗ♇ⱪ ) ╩ ⇔√⁹↓╣╠─ │ ⌐

╟╡ ╩ ⇔√⁹╕√⁸ ⅛╠ ꜚ♬♇♩─ ⌂ ⌐

≢⅝╢ ╩ ⇔⁸ ⌐ trans◐ꜗ♇ⱪ ⌐⅔™≡│ ◖▪ ─

 E1/2(Pt4
9+

/Pt4
8+

) ⅜▪Ⱶ☺Ⱡכ♩ ⌐⅔↑╢ ─ ─ ⌐

∆╢ ╩ ™∞⇔√⁹ ╡ ℮ ⅜◐ꜗ♇ⱪ↕╣√ cis◐ꜗ♇ⱪ ≤ ₁─☺◌ꜟ

Ⱳfi ╩ ↕∑╢↓≤⌐╟╡⁸ ─כ♃☻ꜝ◒ ╩ ⌐ ∆╢↓

≤⌐ ⇔⁸↕╠⌐ ╩ ╠⅛⌐⇔√⁹ⱨ▼꜡☿fi☺◌ꜟⱲ◐◦꜠כ♩≢ ↕╣√

─ ╩ ∫√≤↓╤⁸2≈─ⱨ▼꜡☿fi ─ ─ ╩ ∆╢

╩ √⁹ 

[Pt4( m -OCOCH3)8] Insoluble precipitate

N

N

N N

Ph

Ph

Ar

Ar

HO
R

O

O OH

Cis-capped Pt4 cluster Cyclic oligomer of Pt4 cluster

HO
R

O

O OH

O
Pt

Pt

Pt

Pt

O

ON

N

O
O

O
O

O

O

OPh
O

O

N
N

Ar

Ar

Ph

R

2 or 4

O
Pt

Pt

Pt

Pt

O

ON

N

O
O

O
O

O

O

OPh
O

O

N
N

Ar

Ar

Ph

(0.5 eq)

(1 eq)

R =

R = Fe

-(CH2)8-

-C2-

-C6H4-
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Summary

OMe

OO

+ HOR3

Zn4(OCOCF3)6O
(1.25 mol%)

toluene or iPr2O, reflux
OR3

OO

1.0 eq 1.2 eq up to 97% yield

R1 R2 R1 R2

Expand substrate scope of alcohols and b -ketoesters

Improve reactivity of sterically hindered substrates.
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93.   ủ ה ה ה ה ה

 

 ♃▬♩ꜟ  ⌐╟╢ ▪ꜞꜟ ▪Ⱶⱡ ╩ ⇔√⁸( - ) -ɖ-◌▬♬

fi ─  
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 ♃▬♩ꜟ  ▪Ⱶfi ─ꜟכ◖ꜟ▪╢↑⅔⌐  

   ₈ⱪ꜡☿☻▬fi♥◓꜠כ◦ꜛfi⌐╟╢ ♫ⱡ◦☻♥ⱶ─

₉3 2 ◦fiⱳ☺►ⱶ 

   ◖◒ꜜⱱכꜟ ⱶ⁸כꜟכꜛ◦  
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ủה   .96 ה ה ה ה

 

 ♃▬♩ꜟ  ⌐╟╢ ▪ꜞꜟ ▪Ⱶⱡ ╩ ⇔√⁸(Ӈ)Ӈ◌▬♬fi



 

 -  - 

─ ─  
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ה    ⁸  
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   2015 3 27  

102.  ủ ה הNisha PANGה ה ה ה

ה ה ה ה ה ה ה ה╖∙─

 

 ♃▬♩ꜟ  M ╩ ∆╢ ⅜╪ ─ ⌐ ↑√
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