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Synthesis, Spectroscopic Properties and Crystal Structure of
Optically Active dimalato dioxomolybdenum(V1) Complexes
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Abstract The complexes Na,[MoO,(S-Hmal),]- 4H,0 (1) and K,[MoO,(S- Hmal),]-2H,0 2 were
prepared from the reaction of Smalic acid and molybdate. The two complexes were characterized by
elemental analysis, conductivity measurement, optical rotation and IR measurement. 1 was characterized by
NMR and X-ray diffraction method. It crystalizes in orthorhombic space group P 2,2,2, with unit cell
parameters: a = 2.1000 (1), b = 1.07569 (8), ¢ = 0.79356 (6) nm, V = 1.7926 (4)nm° Z = 4, D, = 1.890g- an®,
F(000) = 1024, m=8.355cm™, R=0.0309 and R,=0.0366 for 1900 reflections with I103s (1). The molybdenum
atom is coordinated by two bidentate S-malato ligands through a-akoxy and a-carboxy group. The
polymeric coordinated anion is connected by strong hydrogen bonding. The absolute configuration of the
coordinated anion is D-S;S.
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(NH,),[M0,0,(S-mal),]- 6H,0%9 . (NH,),[M0,0,,(R-mal),]- 81,07  Cs[M0O,(S-Hmal),]- H,0™ .,
. , S , (V1)
Na,[MoO,(S-Hmal),] 4H,0 (1) K [MoO,(S-Hmal) ,]- 2H,0 (2). . .
. , CAD-4 1
, D.
1
1.1
S ( ) . EA 1110
DDS-11A . WZzz-1 ( );  Nicolet 740 FT-IR
(KBr ) Enraf-Nonius CAD-4 o
1.2 Na,[MoO,(S-Hmal),]- 4H,0 (1)
2.68g (20mmol) S 20mL , 2.42g (10mmol)
Na,MoO, 2H,0, , 10mL ,
, , 50%. 95% , 2.829,
55.5%. ( )%: C 18.7 (18.8): H 3.2 (3.1). [a] 2’ =-45.8

o. gt e d; IR,u/enT?: U (COO) 1726, 1692, 1640: u, (COO) 1431, 1398, 1375, 1353; u (Mo=0)
966, 933, 901. *H NMR (500 MHz, D,0), d: 2.740~2.793 (m, 3H): *C NMR (D,0), d: 184.0 (CO,)a,
175.1 (CO,)b, 80.6 (°C-O)a, 38.7 (=CH,).

1.3 K5[M0O,(S-Hmal),]- 2H,0 (2)

1mol-L* S (10mL) , )
, , 2.68g, 49.4%. ( )%: C 18.9 (19.0):
H 2.7 (2.4). [a] 2 =-29.4° g% o’ dmt. IRu/cm™: U, (COO) 1726, 1638; u,(COO)
1432, 1399, 1375, 1352; u (Mo=0) 965, 933, 900.
1.4
0.15 x 0.15 x 0.40 mm 1 o Enraf-
Nonius CAD4 (MoKa, | = 0.07017nm, )s 2° 2q 52°
2052 , | = 3s (I) 1900 .
Lp o : 0® 25, 0® 13, 0® 9. )
P2,2,2,, a=2.1000 (1), b=1.07569 (8), c=0.79356 (6) nm, V= 1.7926 (4)nm?, Z =4,
D.=1.890 gcm?®, F(000) = 1024, m = 8.36 cm* . PC586/100 MoLEN )
, Fourier ,

, o R=0.031, R,=

0.037 (W-1 = [s(F,)? + 0.0001(F,)? + 1.0]), Dis = 0.05, S= 0.46,
2
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2.1
s -7,
pH o s pH, . pH<4
) pH>4 )
M;[MoO,H(S-mal) ,J(M = K Na) » pH>6.7
1 2 Nay[MoO,(Hmal),]- 44,0
K, [MoO,(Hma),]- 2H,0. 1 2 1.58x102 1.70x107
S % mol™, 2:1 (2], 1 2

1726. 1638(2)cm,
DU [U (COO)-u (COO)] ,

s

1726, 1692.. 1640(1).

1432~1352 cm* )

3510~~3000 cm*

(23, 970~-895 cm* Mo =0 o )
s s
2.2
1 1.2 ,
N o 1 )
o 1, 2 o
1 D-Na,[M0O,(S-Hmal) ;- 4H,0
1 Na,[MoO,(S-Hmal) ,]- 4H,0

Atom X y z 10°Ug/nm*  Atom X y z 10°U /N

Mol  004914(2) 090275(5) 0.19987(6)  1.556(7) 015 01839(2) O08l17(4) -0.4176(5)  2.62(9)

Nal ~ -0.0070(1) 11748(2)  0.9403(3) 2.43(5) Owl  09995(2) 0.3754(4)  0.8130(7) 3.24(9)



Na[MoO,(Hmal),]- 4H,0

0.1946(4), 0.1950(4)

0.2203(4), 0.2233(5)

0.1707(5), 0.1719(5)
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Na2 0.2867(1) 0.7003(3) 0.4503(3) 2.69(5) Ow2  0.3669(2) 0.6044(6)  0.3016(9) 5.1(1)
o1 0.0633(2) 1.0036(4) 0.4003(5) 1.89(8) Ow3  02372(3) 05322(5)  0.5690(8) 3.9(1)
o2 0.1175(2) 1.0509(4) 0.1211(5) 2.55(9) Oow4*  0.3561(4)  0.535(1) 0.838(1) 3.9(2)
03 0.1600(2) 1.2310(4) 0.1972(6) 2.70(8) ow4* 0.1378(5)  0.441(1) 0.403(2) 6.4(3)
04 0.0670(2) 1.1138(5) 0.7444(5) 2.68(9) Cl 0.0976(3)  1.1178(5)  0.4002(7) 1.7()
05 0.1675(2) 1.0886(5) 0.8268(5) 2.58(9) c2 0.1282(3) 1.1369(6)  0.2268(8) 2.1(2)
06 0.0074(2) 0.7908(4) 0.3054(6) 2.58(9) C3 0.1498(3)  1.1172(6)  0.5340(7) 2.0(2)
o7 -0.0075(2)  0.9824(4) 0.0866(6) 2.42(8) c4 0.1233(3) 1.1071(5)  0.7083(8) 1.9(1)
o11 0.0828(2) 0.8179(4) 0.0024(5) 2.16(8) Cll  0.1340(3) 0.7329(6)  0.0093(8) 2.0(2)
012 0.1391(2) 0.8172(4) 0.2842(5) 2.47(8) Cl2  0.1682(3) 0.7472(5)  0.1774(8) 1.9(1)
013 0.2194(2) 0.6961(4) 0.2090(6) 2.69(8) C13  01818(3) 0.7581(7) -0.1284(8) 2.6(1)
014 0.1089(2) 0.6772(5)  -0.3362(6) 3.2(1) Cl4  0.1535(3) 0.7448(6) -0.3052(9) 2.1(1)
* 0.5
2 Na[M0O,(S-Hmal) ;- 4H,0 /10" 'nm r
Mo1-O1 1.950(4) Mo1-02 2.233(5) Mo1-011 1.946(4) Mo1-012 2.203(4)
Mo1-06 1.707(5) Mo1-07 1.719(5) C1-01 1.428(7) C2-02 1.268(8)
C2-03 1.236(8) C4-04 1.220(7) C4-05 1.336(7) C11-011 1.411(9)
C12-012 1.292(8) C12-013 1.233(8) C14-014 1.213(8) C14-015 1.314(8)
01-Mo1-02 74.6(2) 01-Mo1-06 94.1(3) 01-Mo1-07 104.8(3) 01-Mo1-011 149.7(2)
01-Mo01-012 81.5(2) 02-Mo1-06 165.9(2) 02-Mo1-07 86.7(2) 02-Mo1-011 82.9(2)
02-M01-012 80.4(2) 06-Mo01-07 104.6(2) 06-Mo01-011 104.4(2) 06-M01-012 89.8(2)
0O7-Mol- 011 93.7(3) 07-Mo01-012 163.6(2) 011-Mo01-012 74.9(2)
(v 2 4
o S a- a- )
b- a- , 0.2545(6) 0.2591(6)nmO
0 ,
Mo—O(a- ) [0.2220(5) nm] > Mo—O (a- ) [0.1947(4) nm] > M0=0[0.1710(4) nm],
Mo=0 0 o
(v D-S,S. 1 D-
Na[M0oO,(S,SHmal) ,]-4H,0 D-Ng[MoO,(S-Hma) ,]- 4H,0, ,
S o
1:2 Nay[M0O,(H.cit),] - 3H,014
Na,[WO,(H,cit),]- 3H,004 ’ ,» Mo— O ( 3).
a.' a.' s o
R- o
3 VD). (V1) /nmM=0 M-O
M —O(a- ) M —O(a- ) M=0
Na,[M0oO,(H.cit),]- 3H,0 0.1953(6), 0. 1960(7) 0.2190(7), 0.2247(6) 0.1703(8), 0.1704(6) [14]
Na[WO,(H it),]- 3H,0 0.1945(6), 0.1968(7) 0.2189(8), 0.2227(7) 0.1727(8), 0.1733(8) [14]
Cs,[M0oO,(Hmal),]- 4H,0 0.1939(8) 0.2243(9) 0.1708(9) [11]
[MoFe,Sy(homocit)(his)] 0.1996 0.2167 [1]
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