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While various kinds of transition-metal complexes 
of amino acids are known [ 1 ] , soft-acid metal com- 
plexes involving phosphme as other hgands are rare. 
This type of complex may have potential utility to 
homogeneous catalysis using amino acids as chnal 
educts [2, 31 for asymmetric products [4]. We now 
find that RuC12(PPha)a reacts readily with amino- 
acid anions with substitution of one chloride and 
one phosphme hgand to form a chelate ammo-acid 
complex. This substitution was found to occur in 
a highly regioselective manner as confirmed by 
31P{1H} NMR spectroscopy (Jeol JNM-FX60, 24.21 
MHz). Exploratory experiments have also been done 
for the oxidation of glycerin, a prochiral substrate, 
with the synthesized Ru(II)-ammo acid complex and 
N-methylmorphohne [5] used as homogeneous cata- 
lyst and oxidant, respectively (eqn. 1). 

CH,(OH)CH(OH)CHsOH + N-methylmorpholine-N- 

I I 1 

60 50 40 
6 (ppm) 

Frg. 1. 31P{1H} NMR spectrum of RuCl(glycmato)(PPh3)2 
(24.21 MHz, CDC13 solution, ambient temperature, external 
85% H3P04 standard). 

Figure 1 shows the 31P{1H} NMR spectrum of a 
crystalline precipttate obtained for glycme before 
the completion of the substitution reaction. 

It was confirmed that the distinct AB quartet in 
the spectrum was assigned to the glycmato complex 
[RuCl(glycinato)(PPh3)s], in which the two PPhs 
ligands should be magnetically unequivalent . There- 
fore, the spectrum indicates that the substitutton 
proceeds regioselectively to give only one kind of 
complex dominantly. If the substitution occurs with 
retention of square-pyramidal configuration of 
RuC12(PPh3)3 [9], the observed magnitude of *J(PP) 
(3.5 Hz; Table I) strongly suggests the structure of 
either I or II for the complex formed [lo, II] 
(Scheme). 

Ru complex cat. Scheme 
oxide ’ HCOCH(OH)CH20H + 

+ CH2(0H)COCH20H + N-methylmorpholine + H20 
(1) 

[RuC12(PPh3)3 was prepared by the literature 
method [6]. Introduction of ammo-acid anion was 
performed, referring to the reaction of RuC12(PPhs)s 
with pyridme, sodium acetate, etc. [7, 81. Typical 
example: To the acetone solution (200 ml) of RuC12- 
(PPh3)3 (0.96 g, 1 mmol), L-serme (0.42 g, 4 mmol) 
and NaHC03 (0.34 g, 4 mmol) were added. When 
the mixture was refluxed for 4 h with stirring, the 
color of the solution changed from dark brown to 
orange-yellow. Cooling of the hot filtrate gave yellow 
needles, which were recrystallized from chloroform- 
ether ( [RuCl(L-sermato)(PPh3)2] , Analysis, Found 
(Calcd.): C, 61.2 (61.2) H, 5.0 (4.7), N, 1.9 (1.8)0/o; 
UC=0 = 1630 cm-‘; 70% yield for RuCl2(PPhs)s). 
All the procedures were made under an inert atmo- 
sphere. 
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TABLE I 31P NMR Spectral Parameters of [RuCl(ammo 
acrdo)(PPhs)2 1. 

_-__- __I__- 
Ammo Acid 6 (ppmY 2J(PP) (Hz) 

Glycme 56.0 44 2 35 
L-Serme 51.5 40.6 38 

62.4 49.1 39 
L-Hydroxyprolme 48.9 419 39 

60.4 45.6 38 
L-Allohydroxyprolmeb 57.8 45.2 40 
___-____. __- 

aRelattve to external 85% HzP04 standard (hrgh frequencres 
being taken as posrtive). Prepared by the method of ref. 
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Fig. 2. 31P{1H} NMR spectrum of RuCl(Lserinato)(PPhs)2 
(24.21 MHz, CDCls solutron, ambient temperature, external 
85% HsP04 standard). 

The 31P{1H} NMR spectrum of the L-serinato com- 
plex, isolated and purified, is given in Fig. 2. As 
denoted m Fig. 2 the spectrum consists of the super- 
positton of two kinds of AB quartet with almost 
equal intensity. Assuming the predominance of the 
same type of coordination structure as that m the 
glycinato complex, the observed two isomers may 
be derived from the chirality of L-serme, correspond- 
mg to either set of (Ia, Ib) or (Ha, IIb) in Fig. 3. 
Very small differences of 2J(PP) between the two 
isomers (Table I) may support the identity of the 
configuration of hgatmg atoms [ 111 . 

While an analogous 31P{1H} NMR pattern was 
observed for the L-hydroxyprohnato complex, only 
one isomer was detected for the L-allohydroxy- 
prohnato case. 

Apparently this difference is brought about by the 
configuration of the hydroxyl group in the pyrroh- 

TABLE II. Oxrdative Dehydrogenatron of Glycerin with Ru 

Complex Catalysts. 

Catalyst Turnover 
Number 

GA selectivity 
(%Y 

RuC13*3Hz0 23 90 

RuC12(PPh3)3 45 88 

RuCl(glycmato)(PPhs)2 14 95 

RuCl(L-sermato)(I’Pha)z 41 97 

RuCl(Lallo)(PPhs)2 b 28 94 

aGA = glyceraldehyde, wrthm 3% error 
hydroxyprolinato. 

bL-allo = L-allo- 

Ia Ua 

Ib IIb 

Fig. 3. Diastereomer sets of RuCl(ammo acido)(PPhs)z with 
CIS drsposrtron of PPhs hgands m square-pyramidal structure. 

H 

L-hydroxyproline L-allohydroxyproline 

dine ring. Since the hydroxyl group of the latter 
would proJect toward the coordination site of ruthe- 
nium(R) in the complexed state, the Ia- or Ha-type 
isomer may prevail as a result of inter-ligand steric 
interactions [ 121. The 31P NMR parameters of the 
synthesized complexes are listed m Table I. 

Oxidative dehydrogenation of glycerm was per- 
formed by mixing the Ru(II)-ammo acid complex 
(0.25 mmol), glycerin (25 mmol), and N-methyl- 
morpholine-N-oxide (50 mmol) in argon-blanketed 
acetone (250 ml), followed by stirring for 10 h at 
room temperature. Degree of conversion was deter- 
mined from the relative abundance of N-methyl- 
morpholine-N-oxide and N-methylmorpholine, using 



Inorganwa Chlmlca Acta Letters L23 

H,O___ H__O _ 

Fig. 4. Postulated hydrogen bondmg between coordinated 
glycerin and L-allohydroxyprohnato hgand appropriate for 
asymmetric syntheses of glyceraldehyde. 

quantitatrve 13C NMR analysts (CHa carbons) of the 
reaction solution itself. Regioselecttvrty (glyceralde- 
hyde vs. dthydroxyacetone) was determined by the 
‘H NMR spectrum of 2,4-dmitrophenylhydrazone 
(NH protons, in (CD3)2CO), which was obtained 
from an oily residue after complete evaporatton of 
the solvent acetone. 

At the beginning of the reaction the solution was 
homogeneous and colored deep red, but a dark brown 
precipitate began to appear after ca. 4 h. The results 
for the reaction are summarized in Table II. 

It should be emphasized that selectivities to glycer- 
aldehyde are quite high, which may reflect the higher 
reactivity of ruthenium complex catalysts to n-alco- 
hols than to set-alcohols [5]. Since N-methylmorpho- 
lme is easily oxrdized to N-methylmorpholine-N- 
oxide with HzOz [ 131, a cycle may be composed to 
obtain glyceraldehyde by the HsOz oxidatron of gly- 
cerin with N-methylmorpholine working as a 
mediator. 

With regard to the stereoselectivity m the glycer- 
aldehyde formatton, we have obtained a prehmmary 

result of 3% excess of D-antipode with the L-allo- 
hydroxyprolinato complex catalyst. An attractive 
interaction would be utilized for the asymmetric 
conversion of glycerm-type substrates. On the basis 
of the observation that coordinated PPhs is oxidized 
by N-methylmorpholine-N-oxtde and liberated as 
O=PPha during the reaction, a possible mode of 
complexatron with hydrogen bonding is illustrated 
m Fig. 4. 
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