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 In the first years of my Ph.D I demonstrated the importance of the presence of a strong non coordinating acid in the catalytic reduction of dehydro-histidine by Rh(I)-diphosphine complex. I showed that an excess of  HBF4 ( ratio substrate/acid of 1:4 ) is needed for obtaining complete conversion of substrate. The enantiomeric excess obtained depend on which type of ligand is used:  Rh-DIOP give 15.4% e.e., Rh-BDPP 67.7%, Rh-PROLOPHOS 71.3% and Rh-Me-DUPHOS 80.9%. The main role of strong acid is to protonate the pyridinic nitrogen to avoid the poisoning of the catalyst.
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As the aim of the research project was to prepare in high yields natural and unnatural carnosine, first of all I focused my attention on the reduction of the dehydro-dipeptide A. A condensation between 4(5)-formyl-imidazole and glicine derivatives was attempted to give dehydrocarnosine A, in order to obtain directly optically pure carnosine by asymmetric reduction.
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Unfortunately Erlenmeyer reaction did give no products also using different reaction condition such as temperature, concentration or time reaction.
The reduction of N-benzoyl-dehydrohistidine-methyl ester using other strong acids was also investigated. The choice of ligands was limited to Prolophos and Me-Duphos;the strong acids investigated were: HBF4, HClO4, CH3SO3H and CF3SO3H.
All hydrogenations were carried out in methanol at 20°C and 1 atm. of H2, TOFs were calculated after 1 hour of reaction and e.es.% of free base, obtained by neutralization of acids in chloroform, were determinated by HPLC.
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	TOF (h-1)
	e.e. %

	Ligand
	            S/acid
 acid              
	1/4
	1/8
	1/4  
	1/8

	Me-DUPHOS
	HBF4
	5,3
	12,3
	80,9
	94,4

	
	HClO4
	16,9
	11,5
	83,9
	90,1

	
	CH3SO3H
	5,5
	2,9
	97,7
	99,0

	
	CF3SO3H
	24,7
	27,1
	99,9
	93,6

	PROLOPHOS
	HBF4
	12,4
	44,8
	71,3
	71,8

	
	HClO4
	17,3
	14,9
	55,2
	31,7

	
	CH3SO3H
	10,5
	11,1
	71,9
	43,3

	
	CF3SO3H
	10,3
	31,9
	18,5
	23,6
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As expected Me-Duphos gave high enantiomeric excess using all type of acids, less clear were the high TOFs shown in some reaction catalyzed by Prolophos. It is worth mentioning that it is possible to use proprietary cheap ligands like prolophos because the tetrafluoboric and perchloric salts of N-benzoyl-histidine methyl ester can be easily crystallized obtaining optically pure aminoacids with acceptable yield provided by low cost of the ligand. For example histidine tetrafluoboric salt  with 67% e.e., after 3 crystallizations, is obtained as optically pure product in about 40% of total yield. Among the acids used only tetrafluoboric and perchloric salts, with other acids no solid salt were obtained.
In deuteration reaction only Me-Duphos was used because Prolophos give a variable amount of monodeuterated product.
By the comparison between  hydrogenation and deuteration reactions the isotopic effect of deuterium was showed; this confirm that the activation of hydrogen (or deuterium) as the slow step of the catalytic cycle.
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Deuteration reactions were carried out in the same condition of hydrogenation in order to study the different reactivity of the catalyst in the presence of different acids; the reactions were studied either in methanol or in deuterated ones.
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	Solv.
	Acid
	TOF(h-1)
	e.e. %
	HD %

	
	
	1/4
	1/8
	1/12
	1/4
	1/8
	1/12
	1/4
	1/8
	1/12

	CH3OH
	HBF4
	10,12
	6,08
	15,64
	87,7
	95,7
	97,8
	41
	43
	5

	
	HClO4
	4,77
	10,37
	3,00
	86,5
	91,0
	96,0
	45
	42
	21

	
	CH3SO3H
	1,71
	6,02
	2,26
	92,6
	93,7
	96,8
	47
	40
	33

	
	CF3SO3H
	4,57
	12,51
	18,78
	83,9
	91,1
	95,9
	43
	33
	81

	CH3OD
	HBF4
	5,85
	19,16
	18,39
	89,1
	93,6
	94,9
	0
	0
	0

	
	HClO4
	18,75
	3,5
	11,08
	95,6
	93,5
	94,3
	0
	0
	0

	
	CH3SO3H
	4,61
	1,02
	0,98
	93,8
	98,0
	97,2
	0
	0
	0

	
	CF3SO3H
	35,68
	28,63
	34,64
	94,1
	96,2
	98,5
	0
	0
	0


First of all the fully deuterated product is obtain only when MeOD is used as solvent, the presence of monodeuterated product could be ascribed only to hydrolysis reaction of σ-deutero-Rh-alkyl by H+ derived from the solvent.
Using deuterated solvent and low substrate/acid ratio TOF and enantiomeric excess increased: this effect was evident expecially using CF3COOH in 4:1 molar ratio, in this condition the TOF increased 8 times. The most active system was CF3COOH in 12:1 ratio giving product in 98.5% of e.e. with TOF  35 h-1.
Particularly interesting was the observation that when the concentration of the substrate was 0.05 M or higher, in presence of HBF4 or HClO4, the proceeding of hydrogenation was followed by precipitation of the product in optically pure form. In this way was possible  to filter the product and recycle the catalyst. This effect will be described in detail. 
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Foglio1

		

																																differenza attività data dal solvente

																												MeOH-MeOD								MeOH / MeOD

				Solv.		Acido		TOF(h-1)						e.e. %						HD %								1/4		1/8		1/12

								1/4		1/8		1/12		1/4		1/8		1/12		1/4		1/8		1/12		HBF4		4.27		-13.08		-2.75				1.7299145299		0.3173277662		0.8504622077

				CH3OH		HBF4		10.12		6.08		15.64		87.73		95.74		97.79		41		43		5		HClO4		-13.98		6.87		-8.08				0.2544		2.9628571429		0.2707581227

						HClO4		4.77		10.37		3		86.47		91.05		96.02		45		42		21		CH3SO3H		-2.9		5		1.28				0.3709327549		5.9019607843		2.306122449

						CH3SO3H		1.71		6.02		2.26		92.65		93.74		96.84		47		40		33		CF3SO3H		-31.11		-16.12		-15.86				0.1280829596		0.4369542438		0.542147806

						CF3SO3H		4.57		12.51		18.78		83.89		91.09		95.92		43		33		81

				CH3OD		HBF4		5.85		19.16		18.39		89.15		93.63		94.95		0		0		0												MeOD / MeOH

						HClO4		18.75		3.5		11.08		95.64		93.49		94.26		0		0		0												0.5780632411		3.1513157895		1.175831202

						CH3SO3H		4.61		1.02		0.98		93.85		97.97		97.18		0		0		0												3.9308176101		0.337512054		3.6933333333

						CF3SO3H		35.68		28.63		34.64		94.01		96.17		98.48		0		0		0												2.6959064327		0.1694352159		0.4336283186

																																				7.8074398249		2.2885691447		1.844515442

								TOF

				reazione		S/acido		1/4		1/8

						acido

				hydrogenation		HBF4		5.3		12.3

						HClO4		16.9		11.5

						CH3SO3H		5.5		2.9

						CF3SO3H		24.7		27.1

				deuteration		HBF4		10.12		6.08

						HClO4		4.77		10.37
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