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17.9.2.1  Method 1: From Phthalonitrile
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McKeown, N. B., Science of Synthesis, (2004) 17, 1249.
Phthalonitrile is a common starting material for the synthesis of metal phthalocyanines (Scheme 10). Either the metal or a metal salt is used for the cyclotetramerization reaction, which can be carried out either in the melt (bulk reaction) or in a high boiling solvent such as quinoline, 1-chloronaphthalene, or 1-methylpyrrolidine. The use of a solvent prevents halogenation of the phthalocyanine macrocycle if using a metal halide salt. High-boiling protic solvents, such as pentanol or 2-(dimethylamino)ethanol, can also be used especially if promoted by a catalytic quantity of a hindered base, such as 1,8-diazabicyclo[5.4.0]undec-7-ene.[57,99] Alternatively, methanol can be used as the solvent but high pressure and the use of a reducing agent (hydroquinone) is required to give a reasonable yield for most metal phthalocyanines.[98]
Meeee 8M: Meeeeee, eeeeee, eee eeeeeeeee eeee MeM8 eeeeeeeee (Meeeee 8) eeee eee eeeeeeee eeeeeee eeeeeeeeeeeeee eee eee eeeee eeeeeeeee ee e eeee-eeeeeee eeeeeee (e.e., eeeeeeee; eee Meeeeee 88.8.8.8.8).[88,88] MeMe8 eee MeMe8 eee eeeeee eeeeeeeeeeeee eee eee eeeeeeeeeee ee eeeee-eeee eeeeeeeeeeeeee (Meeeeee 88.8.8.8.8) eee eeeee eeeee-eeeeeeeeee eeeeeeeeeeeeeee (Meeeeee 88.8.8.8) eee ee eeeee eeeeeeeeee ee eeeeee eeeeeeee, eeee ee eeeeeee. Meeeeeeeeeeeeeeeeeee eeeeeee eee eeee e eeeeeeeeee ee eeeee eeeeeee ee e MeMM eeeeeee.[88] Meeeeeeeeeeeeee eeeeeeeee eee eeeeeee eee (Me−8)Me eeeeeee eeeeeee, eeeee eeeeeeee eeeeeeeee eeeeeeeeeeee.[888–888] Meeee eee ee eeeeeee ee eeeeeeeeeeeee eeeeeeee, ee eeeeee eeeeeeeeeeeeee eeeeeeeee, eeeeeee, eee eeeee-eeeee eeeeeeeee ee eeeeeeeeeeeeeeeeeeeeeee eeee eeeeeeeeeeeeeeeee ee eee eeeeeeeeeee eeeeee eeeee eeeeee eeeeeee ee e eeeeeeeeeee eeeee ee eeeee eeeeee eeeee eeeeeee eee eeeeeeeee ee eee eeeeeeeeee eeeeeeee ee eeeeeeee ee eee eeeeeee eeeeee.[888]
Meeee 8M: Meeeee MeM eeeeeeeee ee eeeeeeeee eee eeeeeeeee eee ee eeeeeeee ee eeeeeeeeee eee eeeeeee eeeeee eeeee ee e eeee ee eeeeeeeeeeeeee.[88,88,888] MeM eeeeeeeee ee eeeeeee eee eeeeee eee ee eeeeeeee eeeeeeeee eeee eee eeeeeeeeee eeeee.[88,88] MeMe ee eeeeeeee ee eeeeeeee eeeee eeee e eeeeeee e eeeeeeee ee eeeeeeeeeeeeee, eeeeeeeee eeeeeeee, eee e eeeeeeeee eeeeeeee ee 8,8-eeeeeeeeeeee[8.8.8]eeeee-8-eee ee eeeeeeee ee eeeeee.[888]
Meeee 8M: Meeee ee eeeeee ee eeeeeee eeeeeeeeeeeeeeeeee (eee Meeeeee 88.8.88). MeMM eeeeeeeee (Meeeee 8; M = Me8+, Me8+, Me8+; M = Me, Me) eee eeeeee eeeeeee eeee eee eeeeeeee ee eee eeeee eeeeeeeeeee ee eeeeeeeeee eeee eeeeeeeeeeeeee ee eeeeeee eeeeeeeee ee 8-eeeeeeeeeeeeeeeee.[888–888] Meeeeee eeeeeeeee eeeeeee eee ee e eeee ee eeeeeeeeeeeeee eeeeee ee eeeeeeeeeeee ee eee eeeeeeeeeeeeee eeee.[88] MeMeMM ee eeeeeeeeeeee eeeeeeee ee eee eeeeeeee eeeeeee eeeeeeeeeeeeee, eeeeeeee eeeeeeeeeee eee eeee ee eeeeeee ee eeeeee, eeeeeeee ee eeeeeeeeee ee eeeeeee eeeeeeee eeee.[888] Mee eeeeeeee ee eeeeee eeeee eeee e eeeeeeeeeeeeee eeee eee eeee Me8Me,[888] Me8Me8,[888] ee, ee eeeeeee eee eeeee e eee eeeeeeee eeeeeeee, e eeeeeeee[888] eeeeeeeeeeeeee eeeeeee (Meeeee 8). M eeeeeee eeeeeeee ee e eeeeee ee eeeeee eee eeeee MeMeM.[888] Meeeeeee eeeee eeeeee eeee eeeeeeeeeeeeee ee eee eeee ee eeeee eee eeeeeee MeMe8 eeeeeee (Meeeee 8), eeeee ee eeeeeee eee eee eeee eeeeeeeeee eeeeeeeeeeee.[888,888–888] Me eee eeeeeeee ee eeeeeee eee eeeee e eee eeeeeeee ee eeeeeeee, e eeeeeeee eeeeeeeeeeeeee eeeeeee ee eeeeee.[888,888]
Meeee 8M: Mee eeeeee eeeee-MeMMe8 eeeeeeeee (Meeeee 8) ee eeeeeee eee eeeeeeeee eee eeee eeeeeeee ee eeeee eeeeeeeeeeeeeeeeee (Meeeeee 88.8.8.8) ee 8-eeeeeeeeeeeeee (Meeeeee 88.8.8.8) ee eeeeeeeeee. Meeeeeeeeeee, MeMeMe8 ee eeeeee ee eeeeeeeeee eeeee ee eee eeeeeeee ee eeeeeeeeeeeeee eeee eeeeeee eeeeeeeeeeeee.[88,888] eeeee-MeMeM8 ee eeeeee ee eee eeeeeeee ee eeeeeeeee eeee eeeeeeeeeeeeee ee eee eeeeeeee ee eeeeee eee.[888,888] MeMe eee eeeee-MeMeMe8 eeeeeeeee eee ee eeeeeeee ee eee eeeeeeee ee eeeeee eeeeeeeeeeeeee eeee eeeeeeee eee eee eee(MM) eeeeeeee, eeeeeeeeeeee.[88,888,888,888] Me eeeeeeee, MeMe ee eeeeeeee eeee eee eeeeeeee ee eeeeeeeeeeeeee, eee(MM) eeeeeeee, eee e eeeeeeeee eeeeeeee ee 8,8-eeeeeeeeeeee[8.8.8]eeeee-8-eee ee eeeeeeee eeeeee eeeeeeeeee eeeee ee eeeeee.[888] MeMe ee eeeeee eeee eee eeeeeeee ee eeee eeeee eeee eeeeeeeeeeeeee ee eee eeee[88] ee ee eeeeeee 8-eeeeeeeeeeeeeeeee eeeeeeee.[888,888] Me ee eeee eeeeeeee ee eeee eeeee eeee e eeeeeeee ee eeeeeeeeeeeeee, eee(MM) eeeeeeee, eee e eeeeeeeee eeeeeeee ee 8,8-eeeeeeeeeeee[8.8.8]eeeee-8-eee ee eeeeeeee ee eeeeee.[888]
Meeee 8M: Mee eeeeeeee ee eeeeeee eeeee eeee eeeeee eeeeeeeeeeeeee ee e eeeeee ee eeeeee eee eeeeeeee (Me8Me)8(M8−)8.[888] Meeeeeee eeeee eeeeee eeee eeeeeeeeeeeeee ee eeee e eeeeeeee, eeeee eee eeeeeeee ee MeMe8 ee Meeeeeee, eee ee ee eeeeeee eeeeeeeee.[88] Mee eeeeeeee ee eeeeeeee(MMM) eeeeeeee eeee eeeeee eeeeeeeeeeeeee eeeee [MeMeMe8]MeMe8.[888,888] Me eeeee ee eeeeeee eee eeeeeeee eeeee e Me8Me8 eeeeeee (Meeeee 8) eeee eeeeee eeeeeeeeeeeeee,[888] eeeeeee eeeeee e [Me8Me]+8.8(M8−)8.8 eeeeeee[888,888] ee e [(MeMe)+]8[Me8M88]−8 eeeeeee[888] ee eeeeee ee e eeeeeee eeeeeeee ee eee eeeeeeee ee eeeeee. Mee eeeeee-eeeeee eeeeeee Me8Me8 eee eeee ee eeeeeeee ee eeeeeeee ee eeeeeeeeeeeeee eeee eeeeeee eeeeeee.[888]
Meeee 8M: Mee eeeeeeeeee eeeeee eee eeee MeMM (Meeeee 8), eeeeeeee (Me8M), ee eeeeee-eeeeee (Me8M8) eeeeeeeee (Meeeee 8); eeeee eeeeeee eeeeeeee eeeeeeeeee eee ee eeee eeeee ee eeeeeee eee eeeeeeee. Meeeeeeee eeeeeeeee MeMM (e.e., M = Me,[888] M,[888,888,888] Me,[888] Me,[888] Me,[888] Me,[888] eee Me[888,888]) eee eeeeeeee-eeee Me8M eeeeeeeee (e.e., M = M,[888] Me,[88,888] Me,[888,888] Me,[888,888] Me,[888,888] Me,[888,888] Me.[888,888]Me,[888,888] Me,[888] Me,[888,888] Me,[888,888,888] eee Me[888,888,888,888,888]) eeee eeee eeeeeeee eeee eee eeeeeeee eeeeeeee eeeeee eeee eeeeeeeeeeeeee eee e eeeee eeee eeeeee ee eee eeee ee ee eeeeeeee. Me8M eeeeeeeee eee eeeee ee e eeeeeee eeeeeee eeeeeee (eeeee, eeeeeeee eeee) ee ee eee eeee eeeeeee eeee (Me8M)− eeeeeeeeee eeee e eeeeeee eee.[888] Meeeee ee eeeeeee ee eeee ee eeeee e eeeeeee eeeeeeee eeeeeee, ee eeeee eee eeeee eeeeee ee e +8 eeeeeeeee eeeee.[888,888] Me eeeeeeee, ee ee eeeeeeee ee eeeeeee ee eeeeeeeeeeeeee ‘eeeeee-eeeeee’ eeeeeeee eeeeeeeee (Me8M8) (Meeeee 8) eeee eee eeeeeee eeeeeee eeeeee eeeeeee eeeeeeeeeeeeee eee eeeeeeeeee eeeee eeeee.[888,888] Meee eeeeeee eeee eee eeeeeeeeeee ee eee eeeeeee eeeeeee ee eeeeeeee ee eeeeeee eee eeeeeeeeeeeeee eeeee ee eee eeeeeeee eeeeeeeee. Me eeeeeeee, e eeeeeeee MeM eeeeeee (M = Me, Meeeee 8) eee eeee eeeeeeee eeee eee eeeeeeee eeeeeee eee eeeee eee eeeeee eeeeeeeeeeeeee eeeee e eee-eeeeeeee eeeeeeee eeeeeeeeee.[888]
Mee eeeeeeeeee eeeee ee eeeeeeeeeeeeee eeeeeeeee eeeee eeeeeeee eeeeee eee eeeee eee eeee eeeeeeeeee ee eee eeee eeeeee eeeeeee ee eee eeeeee.[888] Meeeeeeee, eeeeee eeeeeeeee eeeeee eee eee eeeeee eee eeeee eeeeee eee eeeeeeeee ee eeeeeeee ee eee eeeeeeeeee eeeeee. Meeeeee eeeeeee eeeeee ee eee eeeeeee ee eeee eeeeeeeeeeeeeeeeeeee (Meeeeee 88.8.88). Mee eeeeeeee ee eeeeeeee eeeeee ee eeeee eeee eeeeeeeeeeeeee eeeee e Me8M eeeeeee (e.e., M = Me,[888–888] Me,[888] M,[888,888] Me[888]) ee eeeee eee eeeee eeeeeeeee e +8 eeeeeeeee eeeee. Meeeeeeee eeeeeeeeeeeeee eee ee eeee ee eeeeeee Me8888Me eee Me8888Me eeee Me8888Me eee Me8888M, eeeeeeeeeeee.[888]
Meeee 8M: Mee eee-MeMMe8 eeeeeeeee (M = Me,[888,888] Me,[888] Me;[888] Meeeee 8) eee eeeeee eeee eee eeeeeeee ee eee eeeee eeeeeeee eeee eeeeeeeeeeeeee ee e eeeeeeee eeeeeee. Mee eee ee e eeeeeee, eeee ee 8-eeeeeeeeeeeeeeeee, eee eeeeeee eeeeeeeeeeee ee eee eeeeeeeeeeeeee eeee.[888] Meeeeeeeee ee eee eeeee eee-MeMMe8 eeeeeee eeee eeeeeee eeee eeeeeeee MeMeM,[888] eee-MeMe(MM)8, eee eee-MeMe(MM)8,[888] eeeeeeeeeeee. Meeeeeeeeeeee, MeMeM eee MeMe(MM)8 eee ee eeeeeeee eeee eee eeeeeeeee eeeeeee eeeeeeeeeeeeee eee eeeeeeee(MM) eeeeeeee ee eeeeeeeee(MM) eeeeeeee, eeeeeeeeeeee, eeeeeeee ee ee eeee eeee eeeeeeeeee.[888] Meeeeeeee eeeee eeeeee eeee eeeeee eeeeeeeeeeeeee ee e eeeeee ee eeeeee eee ee eeee eee-MeMM8.[888]
Meeee 8M: Meeeeeee eeeee eeeeee eeee eeeeee eeeeeeeeeeeeee ee eeee MeMM.[88] Meee eeeeeeee eee eeee ee eeeeeeee ee eeeeeeeeee ee eee eeeee eeeeeee eeeeee ee eee eeeeeeee eeeeeee eeeeeeee(MMM) eeeeeeee eee eeeeee eeeeeeeeeeeeee.[888] Meeeeeee eeeee eeeeee eeee eeeeeeeeeeeeee ee e eeeeee ee eeeeee eee ee eeee MeMM.[888] Meeeeee[888,888] ee eeeeeeee[888] eeeeeeeeeeeee eeeee ee eeee eee eee-MeMMe8 eeeeeee (Meeeee 8). Meeeeeeee, eee-MeMeMe8 eee ee eeeeeeee eeeee eeeeeee(M) eeeeeee,[888] eeeeeee, eeeeeee(M) eeeeeeeeee eeeee e eeeeeee eeeee, ee eeeee eeeeeeee eee eeeeeee eeee eee eeeeeeee eeeeeee eee eeeeeeeeeeeeee eeeeeeeeeee.[888]
Meeee 8M: Meeeeeeeeeeeee eeee eee eeeee eeeeeee eeee eeeeeeee eeeee,[88] ee eeee eeeeeee eeeee,[88,888] eee ee eeee eeeee eeee eeeeeeeeeeeeeeeeeeee ee eeee MeMe, eeeee eeeeeeee ee MeMeMM ee eee.[888] Meee eeeeeeee ee eeeeeee eeeeeeeeee ee eeee eee (MeMe)8M eeeee (Meeeee 8). M eeeee ee eeeeeeeeee eeeee eeeee eeee eeeeeeeeeeeeee ee eeee eeeeeeeeeeeeee eeeeeeeee eeee eee eeeee ee eeeeeee eeeeeeeee eeeeee. Meeeeeee eeeeeeeee(MM),[888,888] eeeeeeeeeeeeeeeeeeeeee,[888] eee eeeeeeeeee(MM) eeeeeeee[888] eee eeee MeMe=M ee eeeeeee eeeeee. MeMeM8 ee eeeeeeee eeeee eeeeeeeeee eeeeeeee(eeeeeeeeeeeeeee).[888]
Meeee 8M: Meeeeeeee eeeee, eeee ee eeeeeeeee(MM) eeeee, eeeeeeeee eee(eeeeeeeeeeeeeee), eeeeeeeee(MM) eeeeeee, ee eeeeeeeee(MM) eeeeeeee, eeeee eeee eeeeeeeeeeeeee, eeeeee ee eee eeee ee ee eeeeeeee, ee eeee MeMe,[88,88] ee MeMeMe,[888] eeeeeeeeeeee. MeMeMe ee eeeeeeeeee ee MeMeMM ee ee eeeeeee eeee eeeeee.[888] Mee eeeeeeee ee eeeeeeeeeeeeee eeee eeeeeeeee(MM) eeeeeeee ee eeeeeeee ee eee eeeeeeee ee e eeeeeeeee eeeeee ee 8,8-eeeeeeeeeeee[8.8.8]eeeee-8-eee eeeee eeeeeeeeeeeeee ee eeee eeeee.[888] Mee eeeeeeeeee eeee eeeeeeee eeeeeeeeeeeee [Me(MM8)M8] eeeeee eeee eeeeeeeeeeeeee ee eeee MeMe≡M (Meeeee 8).[888] Meeeeeeee, eeeeeee eeeee eeee ee eeeeeeee eeeeeeeeee eeeee eeee eeeeeeeeeeeeee ee eeeeeee MeMe≡M.[888–888]
Meeee 8M: Meeeeeeeeeeeee eeeeee eeee e eeeeeee ee eeee-eeeeeeeeee eeeeeeee, eeeeeeeee eee eeeee eeeeee,[88] ee eeee MeMe. Meeeeeeeeeee eeeeee eee eeeeeeeee[88] eee eeee eeeeeeeeeeeee.[888] Mee eeeeeeee ee eeeeeeeeeeeeee eeee eeee(MM) eeeeeeee ee eeeeeeee ee eee eeeeeeee ee e eeeeeeeee eeeeee ee 8,8-eeeeeeeeeeee[8.8.8]eeeee-8-eee eeeee e eeee eeeee ee MeMe.[888] Mee eee ee eeee-eeeeeeee[88] ee eeeeeeeee eeeeeeeeeee[888] eee eeeeee eeeeeeeeeeeeee eeeeeeeee. MeMe ee eeeeeee eeeeeeee ee eee (MeMe)8M eeeee (Meeeee 8).[888] Mee eeeeeeeeeee ee eeee eeeeeeeee eeeeeeeeeeeeee, eeeee eee eeee eeeee ee eeeee ee eee eeee MeMe=MeMe ee eee eeeee eeeee,[888] ee eee eeeeeeeeeeeeeee. M eeeee eeee ee MeMe eee ee eeeeeeee eeee eeeeeeeeeeeeee eeeee eeeeeeeee(MMM) eeeeeeee eeeeeee.[888–888] Meeeeeee ee eeeee eeeeeee eeee ee eeeeeeee eeeeeeeee,[888] eeeeeeee,[888] ee eeeeeeeeeeee[888] eeeeeee eeeeeeeeee ee eeee eeeeeeeeeeee ee eeeeeeeeeeeeee eee eeeeeeeeeeeeeee eee ee eeeeeeee. Meeeeee ee eee eeeeeee ee eeeeeee eeeee eeeeeee eeeeeeee eeeee eeee MeMe. Mee eee ee eeeeeeeeee eeeeeeeee ee eeeeeee eee eee eeeeeeeeeeeeeeeeeeee eeeeeeee eeeeeee eeee eeeeeeeeeeee ee eee eeeeeeeeeeeeee eeee ee eeeeeee eee eeee eeeeeeee ee eeeee eeeeee ee eee eeee ee eeeeeeeeeeee eeeee ee eeeeeee ee ee eeeeeeee eeeeee eeee eeeeeee ee eeeeeeeeeee eeeeeeeeee.[888] Meeeeee eeeeeeeeee eee eeee eee eee eeeeeeeee ee eeee MeMe eeee eeeeee-eeeeeeeeee eeeeeeee eeee ee eeeeeeeeeeeeeeeeeeeeeee eee eeeeee eeeeeeeeeeeeee;[888] eeeeeee, 8-eeeeeeeeeeeeee ee eee eeee eeeee eeeeeeee eeeeeeee eee eeee eeeeeeeeeeeeee (Meeeeee 88.8.8.8).
Meeee 8M: Meeeeeeeeeeeee eeeeee eeee eeeeee eeeeee eeeee ee eeee MeMe.[88] Meeee eeeeeeee eeeeeeee eee eeeeee(MM) eeeeeee,[888] eeeeee(MM) eeeeeeeeeeeeeee,[888] eeeeee(MM) eeeeeee,[888] eee eeeeee(MM) eeeeeee.[88] Meeeee(MM) eeeeeeee eeeeee eeee eeeeee eeeeeeeeeeeeee ee eeee eeeeeeeeeeeeeee MeMe[88] eee eee eeee eeeeeee eee ee eeee ee eeeeeeee ee eeee eeeeeeeeeeeee MeMe.[888] Mee eee ee 8,8-eeeeeeeeeeee[8.8.8]eeeee-8-eee,[888] eeee eeeeeeee,[88] ee eeeeeeeee eeeeeeeeeee[888] eee eeeeee MeMe eeeeeeeee. MeMeMe[888,888] eee MeMeMe[888] eee ee eeeeeeee ee eee eeeeeeee ee eee eeeeeeeeeee eeeee eeeeeeee eeee eeeeee eeeeeeeeeeeeee.
Meeee 88M: Meeeee eeeeee eeeeeee eeeee MeMe eeee eeeeee eeeeeeeeeeeeee.[88,88] Meeeeeeee, eeeeee(MM) eeeeeeee (eeeeeeee[888] ee eeeeeeeee[88]), eeeeee(MM) eeeeeee,[88] eeeeee(MM) eeeeeee,[888] eee eeeeee(MM) eeeeeeeeeeeeeee[888] eee ee eeee ee ee-eeeeeeeee. Mee eee ee 8,8-eeeeeeeeeeee[8.8.8]eeeee-8-eee,[888] eeee eeeeeeee,[88] ee eeeeeeeee eeeeeeeeeee[888] eee eeeeee MeMe eeeeeeeee. M 88M-eeeeeeee MeMe eee eeee eeee eeee eeeeeeee eeeeeeeeeeeeee.[888] Meeeee eeeeeeeeeeeeee eeeeee eeee eeeeeeeee eeeee ee eeee MeMe.[88] Meeeeee, eeeeeeee eeee eeeeeeeee eeeeeeee eeeeeee ee eeeeeeeeeeee ee eee eeeeeeeeeeeeee eeee.[88] Mee eeeeeeee ee eeeeeeee(MM) eeeeeeee eeee eeeeee eeeeeeeeeeeeee eeeeeeee MeMe.[88]
Meeee 88M: Meeeee eeeeee eee eeee eeeeee eeeee [e.e., MeMe, MeMe8, MeMe, eee Me(MMe)8] eeeee eeeeeeeeee eeee eeeeeeeeeeeeee eeeeee ee eee eeee ee ee eeeeeeee.[88] Meeee eeeeeeeee eeee eeee eeeeeeee eeeee eeeeeee eeeeeeee.[88] Mee eeee eeeeeeee ee eeeeee(MM) eeeeeeee eeee eeeeeeeeeeeeee eeeeeee ee eeeeeeeeeeee ee eee eeeeeeeeee. Mee eee ee e eeeeeee eeeeee eeee eeeeeee. Meee, e eeeeeeeee eeeeee ee 8,8-eeeeeeeeeeee[8.8.8]eeeee-8-eee ee 8,8-eeeeeeeeeeee[8.8.8]eee-8-eee eeeeeee e eeee eeeee ee MeMe ee ee eeeeeeee eeee eeeeee(MM) eeeeeeee eee eeeeeeeeeeeeee ee e eeeeeeee ee eeeeeeee ee eeeeee; eeeeeeeeee eeeeeeeeeeee eeee eee eeeee.[88] Me eeeeeeee, eeeeeeeeeeeeeee eeeeeee ee eeeeeeeee[88,88] eee eee eee ee eeeeeeeee eeeeeeeeeee[888] eeee eeee eeeeeeeeeeee.
Meeee 88M: Meee eee eeeeeee eeeee eeeeeeeeeeee eeeee eeee eeeeeeeeeeeeee ee eee eeee ee eeee MeMe eee MeMe, eeeeeeeeeeee.[88] M eeeeeee eeeeeeee ee eee eeee eeee eeee(MM) eeeeeeee eeeee e eeeeeeeeeeeeeee eeeeeeee.[88] Meeeeee, eeee(MM) eeeeeeee eee eeeeeee(MM) eeeeeeee eeee MeMe eee MeMe, eeeeeeeeeeee; eeee eeeeeeee eee eeeeee ee eeee eeeeee eeee eeeeeeeee eeeeeeeee ee e eeeeeeee ee eeeeeeeeeeeeee ee eeeeeeee ee eeeeee ee eee eeeeeeee ee 8,8-eeeeeeeeeeee[8.8.8]eeeee-8-eee.[888] Mee eeeeee ee eeee eeeeeeee[88] eee eeeeeeeee eeeeeeeeeee[888] ee eee eeeeeeeee ee eeeee eeeeeeeee eee eeee eeeeeeeeeeee.
Meeeee 88 Meeeeeeeeee ee Meeee–Meeeeeeeeeeeee Meeeeeeee eeee Meeeeeeeeeeeee[88,88,88,888,888,888]
[bookmark: SI-017-02129] [image: ]
[bookmark: V17-QAZ-Sta-10]Meeeeeeeeee 88 
	M	Meeeeee	Meeeeeeeee	Meeee (%)	Mee	Me	MeMe8	Me, eeeeeeee, eeeeee, 88 eee	88	[88]
	Me	MeMe	MeMe8, MMM, eeeeeeee, eeeeee, 8 e 	88	[888]
	Me	MeMe	MeMe, MMM, eeeeeeee, eeeeee, 8 e	88	[888]
	Me	MeMe	Me(MM8)8, eeeeeeeeeeee, MeMM, 888°M, 88888 eee, 8.88 e	88	[88]
	Me	MeMe	MeMe8, eeeeeeeee, eeeeee, 88 eee	88	[88]
	Me	MeMe=M	8. Me(MMe)8, eeee, eeeeeee, 888°M, 8 e	88	[888]
	 	 	8. MeMM, eeeeee, 8.8 e	 	 
	Me	MeMe8	Me(MMe)8•eM8M, MMM, eeeeeee, eeeeee, 8 e, eeeeeeeeeeeeee	88	[888]
	Me	MeMe(MMe)	Me(MMe)8•eM8M, MMM, eeeeeee, eeeeee, 8 e, eeeeeeeeeeeeee	88	[888]

Meeeeeeeeeee Meeeeeeeee
Meeeee(MM) Meeeeeeeeeeeee (8, M = Me8+); Meeeeee Meeeeeeee:[88]
M eeeeeee ee eeeeeeeeeeeeee (8 eeeee) eee eeeeee eeeeee (8 eeeee) eee eeeeee eeee eeeeeeee. M eeeee eeeee eee eeeee eeeeeeee ee 888°M, eee eeee eeeeee eeeee ee 888°M eee eee eee eeeee ee ee eeeeeee ee 888°M. Me eee eeee eeeeeeeeeee ee eeeee 888°M, eee eeeeeeee eeeeeeeeeee eeeee ee eeeee eeeeeee eee ee eeeee eeeeeeee eeee ee eee eee eeee ee 88°M. Meeee 8 eee, eee eeee eee eeeeee eee eeeeee eeee MeMM. Mee eeeeeeee eeeeeee eee eeeeeeeeee eeeeee eeee MeMM eee eeee eeeee. Mee eeeeeee eee eeeee ee eeeee M8MM8 (88 eeeee eee eeee ee eee eeeeeee) eee eeeee ee eeee eee eeee eee eeeeeeee eee eeeeee ee e eeee eeeeee eeee eee (888 eeeee eee eeee ee eeeeeee). Mee eeeeeeeeee eeee eeeeeeeeeee eee eeeeeee ee eeeeeeee eee 8 e, eeeeeeeee ee eeeeeeeeee, eee eeeeee eeee eeeeeee M8M, eeee eeeeeee MeMM, eee eeeee ee 888°M; eeeee: 88–88%.
Meeeee(MM) Meeeeeeeeeeeee (8, M = Me8+); Meeeeee Meeeeeeee:[888]
M eeeeeee ee eeeeeeeeeeeeee (8.88 e, 88 eeee), MeMe (8.88 e, 8.8 eeee), eee MMM (8.88 e, 88 eeee) ee eeeeeeee (88 eM) eee eeeeeeee eee 8 e. Me eee eeeeeeee eeeeeeeee, e eeee eeeeee eee eeeeeeeeeeee. Me eeeeeee, eee eeeeeee eee eeeeeeeee ee eeeeeeeeee eee eeeeee eeee ee MMe (8%), M8M, eee MeMM; eeeee: 8.8 e (88%).
Meeeee(MM) Meeeeeeeeeeeee (8, M = Me8+); Meeeeee Meeeeeeee:[88]
M eeeeeee ee eeeeeeeeeeeeee (8 e, 88.8 eeee) eee eeeee eeeeeeeee MeMe8 (8.8 e, 8.8 eeee) eee eeeeeeee ee eeeeeeeee (8 eM) eeeee eee eeee eeeeeeeeee (88 eee). Mee eeeeeeeee eeeee eee eeeeee eeee eeeeeee eee eee M8M, eee eeeeeeee eeeee ee eeee eee eeeee eeeeeeee; eeeee 8.88 e (88%).
References
	[28]	 Meeee, M. M. M.,Mee. Meeee. Meee. Meeeeeeee., (8888) 88, 88.
	[29]	 Meeeee, M. M.; Meeeee, M. M., Meeee. Meee., (8888) 8, 888.
	[37]	 Meee, M. M.; Meeeeeee, M. M., M. Meee. Mee., (8888), 8888.
	[39]	 Meeeeeee, M. M.; Meee, M. M., M. Meee. Mee., (8888), 8888.
	[56]	 Meeeee, M.; Meeee, M.; Meeee, M.; Meeeeeeee, M., Meee. Meee., (8888), 8888.
	[57]	 Möeeee, M.; Meeeeeeeeee, M.; Meeeee, M., Meee Meee., (8888) 88, 88.
	[60]	 Meeee, M. M.; Meeeeee, M.; Meeeeeeee, M., Mee M. Meee., (8888) 88, 888.
	[62]	 Meeeeeee, M. M.; Meeeee, M. M.; Meeeee-Meeeeeee, M. M.; Meeeee-Meee, M., Mee. Mee. Meee. Mee., (8888) 88, 8888.
	[63]	 Meeeeeee, M. M.; Meeee, M. M., M. Meee. Mee., Meeeee Meeee. 8, (8888), 888.
	[67]	 Meeeeee, M. M.; Meee, M. M.; Meeeeeee, M. M., M. Meee. Mee., (8888), 8888.
	[68]	 Meeeeee, M. M.; Meee, M. M.; Meeeeeee, M. M., M. Meee. Mee., (8888), 8888.
	[97]	 Meeeeeee, M. M.; Meeeee, M.; Meeeee, M. M.; Meeeeee, M. M.; Meeeeeeee, M. M.; Meeeeee, M. M.; Meeee, M. M., Meeee. Meee., (8888) 88, 8888.
	[98]	 Meeeeeeee, M. M.; Meee, M. M.; Meeeee, M. M.; Meeeeeee, M. M. M., M. Meee. Mee., Meeeee Meeee., (8888), 8888.
	[99]	 Meeeee, M.; Meeeeeee, M.; Meeee, M.; Meeee, M.; Meeeeeeee, M., Meeeeeeeeeee, (8888) 88, 888.
	[107]	 Meeeeeee, M.; Meee, M.; Meeeee, M.; Meee, M., M. Meee. Mee., Meee. Meeeee., (8888), 888.
	[108]	 Meeee, M. M.; Meeee, M.; Meee, M., M. Meee. Mee., Meee. Meeeee., (8888), 8888.
	[109]	 Meee, M.; Meeeeeeeeeee, M.; Meeee, M.; Meeeeee, M.; Meeeeee, M.; Meeee, M., M. Meee. Meee., (8888) 888, 8888.
	[110]	 Meee, M.; Meeeee, M.; Meeeeee, M.; Meeeee, M., M. Meeeeeee Meeeeee., (8888) 88, 888.
	[111]	 Meeeee, M.; Meeeeee, M., Mee. M. Meee., (8888) 88, 8888.
	[112]	 Meeeee, M.; Meeee, M.; Meeeeeeee, M., Meee. Meee., (8888), 888.
	[113]	 Meee, M. M.; Meeeee, M., Meeee. Meee., (8888) 8, 888.
	[114]	 Meeeeee, M.; Meeeeee, M.; Meeeee, M., Meeeeee. Meee., (8888) 888, 888.
	[115]	 Meeeee, M. M.; Meee, M. M.; Meee, M. M.; Meeeee, M. M., Meeee. Meee., (8888) 88, 8888.
	[116]	 Meeeee, M.; Meeeeee, M. M., Meee Meeee Meeee, (8888) 888, 888.
	[117]	 Meeeee, M.; Meeeeee, M.; Meeeee, M., M. Meee. Meee., (8888) 88, 8888.
	[118]	 Meeeee, M.; Meeee, M.; Meee, M.; Meeeee, M.; Möeeee, M., M. Meee. Meee., (8888) 88, 8888.
	[119]	 Mee, M. M.; Meeeeeee, M.; Mee, M. M., Meee. Meee. Mee. Mee., (8888) 88, 8888.
	[120]	 Meeeeee, M.; Meeeee, M.; Meeeeeeee, M., Meeee. Meee., (8888) 88, 8888.
	[121]	 Meeeee, M.; Meeeeee, M.,M. Meeeee Meeee., (8888) 888, M8.
	[122]	 Meeeeee, M.; Meeeee, M., M. Meee. Mee., Meeeee Meeee., (8888), 8888.
	[123]	 Meeeeee, M.; Meeeee, M., Meeee. Meee. Meee, (8888) 888, 888.
	[124]	 Meeeeee, M.; Meeeee, M.,M. Meeeee Meeee., (8888) 888, 88.
	[125]	 Meee, M.; Meeee, M.; Meeeeeeee, M.,M. Meeeeeeeee Meeeeeeeeeeeeee, (8888) 8, 888.
	[126]	 Meeeeee, M., Mee. M. Meee., (8888) 88, 888.
	[127]	 Meeeeee, M.; Meeeee, M., Meee Meee. Meeee., (8888) 88, 888.
	[128]	 Meeeee, M. M.; Meeeee, M.; Meeee, M. M.; Meeeee, M. M., M. Meeee. Meee. Meee., (8888) 88, 888.
	[129]	 Meeeeee, M.; Meeeee, M., Meee Meeeeeeeeee., Meee. M, (8888) 88, 8888.
	[130]	 Meeeeee, M.; Meeee, M.; Meeeee, M., Meee Meeeeeeeeee., Meee. M, (8888) 88, 888.
	[131]	 Meeeeee, M. M.; Meeeee, M., Meeee. Meee., (8888) 8, 888.
	[132]	 Meeeeee, M. M.; Meeeeee, M. M.; Meeeeeeee, M. M., Meeee. Meee., (8888) 88, 888.
	[133]	 Meeeeee, M. M.; Meeeee, M. M., Meeee. Meee., (8888) 8, 8888.
	[134]	 Meeeeee, M.; Meeeee, M.; Meeeeeeee, M., Meeee. Meee., (8888) 88, 8888.
	[135]	 Meeeee, M.; Meeee, M., Meee. Meee., (8888), 8888.
	[136]	 Meeeee, M.; Meeee, M., Meee. Meee. Mee. Mee., (8888) 88, 8888.
	[137]	 Meeeeee, M.; Meeeee, M.; Meeeeee, M.; Meeee, M., Meeeeeeeee, (8888) 88, 8888.
	[138]	 Meeeeee, M.; Meeeee, M.; Meee, M., Meeee. Meee. Meee, (8888) 888, 888.
	[139]	 Meeeee, M.; Meeeeee, M., Mee. M. Meee., (8888) 88, 8888.
	[140]	 Meeeee, M.; Meeeeee, M., M. Mee. Meeeee., (8888) 888, 888.
	[141]	 Meeeeee, M.; Meeeeeee-Meeeee, M.; Meee, M.; Meeeeeeee, M.; Meeeeee, M., Mee. M. Meeee. Meee., (8888), 8888.
	[142]	 Meeeeeee, M. M.; Meeeeee, M.; Me Meee, M.; Meeeeee, M.; Meeee, M.; Meeeeee, M.; Meee, M., Meeeeee M, (8888) 888, 888.
	[143]	 Meeeee, M.; Meee, M.; Meeeeeee, M., Meeee. Meee. Meee, (8888) 888, 88.
	[144]	 MeeMee, M. M.; Meee, M. M.; Meeee, M. M., Meee. M. Meee., (8888) 88, 888.
	[145]	 Meeeeeee, M.; Meee, M. M., Meeee. Meee. Meee, (8888) 888, 888.
	[146]	 Me Meee, M.; Meeeeeee, M.; Meeeeee, M.; Meeee, M., Meeee. Meee., (8888) 88, 8888.
	[147]	 Meeeeeee-Meeeeeee, M.; Meeeeee, M., M. Meeeeeeeeee., M, (8888) 88, 8888.
	[148]	 Meeeeeee-Meeeeeee, M.; Meeee, M. M.; Meeeeee, M., M. Meeee. Meee. Meee., (8888), 88.
	[149]	 Meeee, M. M.; Meeeeeee, M. M.; Meeeeeee, M. M., Meee. M. Meeee. Meee. (Meee. Meeeee.)), (8888) 88, 8888.
	[150]	 Meeeeeee-Meeeeeee, M.; Meee, M.; Meeeee, M. M.; Meeeeee, M., M. Meeee. Meee. Meee., (8888) 888, 8888.
	[151]	 Meeeeeee, M. M.; Meeeeeee, M. M.; Meeee, M. M.; Mee’eeeeee, M. M., M. Mee. Meee. MMMM (Meee. Meeeee.)), (8888) 88, 8888.
	[152]	 Meeeee, M.; Meeeee, M.; Meeeee, M., Meee. Meee. Meee., (8888) 888, 888.
	[153]	 Meeeeeee, M. M.; Meeeeeee, M. M.; Meeeeeee, M. M.; Meeeeeee, M. M.; Meeeeeeeee, M. M.; Mee’eeeeee, M. M., M. Mee. Meee. MMMM (Meee. Meeeee.)), (8888) 88, 8888.
	[154]	 Meeeeeeee, M.; Meeeee, M. M.; Meeeeee, M., Meee Meeeeeeeeee., Meee. M, (8888) 88, 8888.
	[155]	 Meeee, M. M.; Meeeeee, M. M., Meeee. Meee. Meee, (8888) 88, M888.
	[156]	 Meeeeeee, M. M.; Meeeeeee, M. M.; Meeeeeeee, M. M.; Meeeeeeee, M. M.; Mee’eeeeee, M. M., M. Mee. Meee. MMMM (Meee. Meeeee.)), (8888) 88, 8888.
	[157]	 Meeeeeeee-Meeeeeee, M.; Meeee, M. M.; Meeeeee, M., M. Meeee. Meee. Meee., (8888) 888, 88.
	[158]	 Meeeee, M.; Meee, M.; Meeeeeee, M.; Mee, M., Meee. Meee., (8888), 8888.
	[159]	 Meeeeeee, M. M.; Meeeee, M. M.; Meeeeee, M. M.; Meeeeee, M. M., Meee. M. Meeee. Meee. (Meee. Meeeee.)), (8888) 88, 888.
	[160]	 Meeeeee, M.; Meeeee, M., Meee Meeeeeeeeee., Meee. M, (8888) 88, 8888.
	[161]	 Meeeeee, M.; Meeeeee, M.; Meeeeeee, M.; Meeeeeee, M. M.; Mee, M. M.; Meeeee, M. M., Meeee. Meee., (8888) 88, 8888.
	[162]	 Meeee, M. M.; Meeeeeee, M. M.; Meeeeeee, M. M., Meee. M. Meeee. Meee. (Meee. Meeeee.)), (8888) 88, 8888.
	[163]	 Mee, M.; Meeee, M.; Meee, M., Meeee. Meee., (8888) 88, 888; Meeee. Meee. Mee. Me. Meee., (8888) 8, 888.
	[164]	 Meee, M.; Meeeeeee, M., Meeeeeeee. Meeeeeeee. Meee., (8888) 8, 888.
	[165]	 Mee, M.; Meee, M. M.; Meeeee, M.; Meeee, M.; Mee, M. M., M. Meeeeeeeeee., M, (8888) 88, 888.
	[166]	 Meeee, M. M.; Meeeeeee, M. M.; Meeeeeee, M. M., Meee. M. Meeee. Meee. (Meee. Meeeee.)), (8888) 88, 8888.
	[167]	 Mee, M.; Meeeeeeee-Meeeeee, M.; Meeee, M.; Meee, M.; Meeeeeeee, M., Meeeeeeee. Meee, (8888) 88, 88.
	[168]	 Meeee, M. M.; Meeeee, M. M., Meeee. Meee., (8888) 8, 888.
	[169]	 Meeeeee, M. M.; Meeee, M.; Meeeeeee, M.; Meeee, M.; Meeeeeee, M., Meeee. Meee., (8888) 88, 888.
	[170]	 Meeeee, M.; Meeeeee, M.; Meeeeeeeee, M.; Meeeeee, M., M. Meeee. Meee. Meee., (8888) 888, 888.
	[171]	 Meeeee, M. M.; Meeeeeeeeeee, M. M.; Meeeeeee, M. M.; Meeeeee, M. M., Meee. Meeeeeeeeee. Meeeee., (8888), 88; Meee. Meeee., (8888) 888, 88888.
	[172]	 Müee, M., M. Meee., (8888) 8, 888.
	[173]	 Meeeee, M.; Meee, M.; Meeeeeeeee, M.; Meeeeeee, M.; Meeee, M.; Meeeeee, M. M., Meee. Meeee., (8888) 8, 8888.
	[174]	 Meeeee, M.; Meeeeee, M., Meee Meeeeeeeeee., Meee. M, (8888) 88, 888.
	[175]	 Mee, M.-M., Meeee. Meee., (8888) 88, 8888.
	[176]	 Meeeeee, M.; Meeeee, M., Meee Meeeeeeeeee., Meee. M, (8888) 88, 8888.
	[177]	 Meeee, M.; Meeäeee, M., M. Meeeeeeeeee., M, (8888) 88, 888.
	[178]	 Meeee, M.; Meeäeee, M., M. Meeeeeeeeee., M, (8888) 88, 888.
	[179]	 Meeeeee, M. M.; Meeee, M. M. M., M. Meee. Mee., (8888), 8888.
	[180]	 Meeeee, M. M.; Meeee, M. M.; Meeee, M. M., Meeee. Meee., (8888) 8, 888.
	[181]	 Meeeee, M.; Meeee, M. M.; Mee, M. M.; M’Meeeee, M. M., Meeeeeeeee, (8888) 8, 8888.
	[182]	 Meeeeeeee, M. M.; Meeeeeee, M. M. M., Meeeeeeeee, (8888) 8, 888.
	[183]	 Möeeeeee, M.; Meeäeee, M., M. Meeeeeeeeee., M, (8888) 88, 8888.
	[184]	 Meee, M. M. M.; Meeeeee, M. M., M. Meee. Mee. M, (8888), 8888.
	[185]	 Meeeeee, M. M., Meee. Meee. Meee. Meee-Mee, (8888) 88, 888.
	[186]	 Meeeeeeee, M.; Meeeeee, M., M. Meeeeeeeeee., M, (8888) 88, 888.
	[187]	 Meeeee, M.; Meeeeee, M.; Meeeeee, M., M. Meee., (8888) 88, 888.
	[188]	 Meeeee, M.; Meeeee, M., Meee. Mee., (8888) 888, 8888.
	[189]	 Meeeeeee, M., M. Meee., (8888) 88, 88.
	[190]	 Meeeeeeeee, M.; Meeeeee, M., M. Meeee. Meee. Meee., (8888) 888, 8888.
	[191]	 Meee, M.; Meeeee, M.; Meäeee, M., M. Meee., (8888) 88, 888.
	[192]	 Meeeeeee, M.; Meeeeeeee, M.; Meeeee, M.; Meeeee, M.,Meee M. Meee. Meee. Mee., (8888) 88, 888.
	[193]	 Meee, M.; Meeeeee, M., M. Meeeeeeeeee., M, (8888) 88, 888.
	[194]	 Meeeeeeeeee, M.; Meeeeeee, M. M.; Meeeeee, M.; Meeee, M.; Meeeeeee, M.; Meeeeeee, M., Meeee. Meee., (8888) 88, 8888.
	[195]	 Meeeeee, M. M.; Meeeee, M. M.; Meeeee, M. M.; Meeeeee, M. M.; Meeeee, M. M., Meeee. Meee., (8888) 88, 8888.
	[196]	 Meeeee, M.; Meee-Meeeeee, M.; Meeee, M.; Meeeee, M., Meeeeeeee, (8888), 888.
	[197]	 Meeee, M.; Meeeeee, M.; Meeee, M. M. M.; Meeeee, M.; Meeeee, M. M., Meeee. Meee., (8888) 88, 888.
	[198]	 Meeee, M.; Meeeee, M., Meeee. Meee., (8888) 88, 888.
	[199]	 Meeeee, M.; Meeeee, M., Meeeeeeee, (8888), 888.
	[200]	 Meeeeeee, M.; Meeeeeeee, M.; Meee, M.; Meeeeeee, M.; Meeeeee, M.; Meeeeeeee, M.; Meee, M., Meee. Meee. Mee. Mee., (8888) 88, 8888.
	[201]	 Meeeeee, M.; Meeeeeeee, M., Meee. Meeee., (8888) 8, 888.
	[202]	 Meeeeee, M. M., Meee. Meee. Meee MMMM, (8888) 888, 88; Meee. Meeee., (8888), 88, 88888.
	[203]	 Meeeeee, M. M., Meee. Meee. Meee MMMM, (8888) 888, 8888; Meee. Meeee., (8888), 88, 88888.
	[204]	 Meeeeeeee, M.; Meeeeee, M., M. Meeee. Meee. Meee., (8888) 888, 888.
	[205]	 Meeeeee, M. M. M.; Meeeeeeee, M. M.; Meeeeee, M. M.; Meeeeeeee, M. M., M. Mee. Meee., (8888) 88, 8888.


Meeeeee Meeeeeeeeee
	8.Meeeee-Meee,
                              (8888) 8/8, 888.
	8.Meeeee-Meee,
                              (8888) M 8e, 888.

	Next
	Previous



			
TY  - BOOK
TI  - Science of Synthesis
AU  - McKeown, N. B.
PY  - 2004
SP  - 1249
VL  - 17
PB  - Thieme Chemistry
LA  - en
ER  - 


			

			
		      









                                        Your current IP address is 44.201.69.160
                                            and user mode is GUEST
                                        
[image: ]Return to Top
[image: Logo Thieme] Copyright © 2024 by Thieme Group
Liability Disclaimer | Hazard Information | Copyright Information | Privacy Policy | Imprint | Feedback



 Cookie-Einstellungen
