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pH range 4.5-8.0. A typical preparative proce- 
dure is described as follows. A reaction mixture 
consisting of Cu(L-three), (2.7 g, 0.01 mol) and 
f~~aldehyde (20 cm3) was diluted to 40 cm3 with 
distilled water and then heated in a water bath at 
40 “C. 

The deep blue rni~r~~stalli~~ product which 
formed after a week was filtered, washed with 
cold acetone and ethanol and was finally dried 
under vacuum at 50 “C for 6 h, Yield 3.9 g (45%)). 

~~~~)~5~eu~~]~~~ = f;ir, Nr; Go, Zn) 
Attempts to recrystallize ~u~II)~3H~Me- 

SMeOCA], in a water-ethanol mixture have so 
far given rise to the isolation of blue crystals of 
C~(Il)[5Me~A]~. 

Tire Ni( II), Co(H) and Zn( II) compounds of 1 
were prepared by the reactions of formaldehyde 
with the corresponding threoninato complexes 
similar to that described above. The reactions 
carried out over the pH range 5.2-9.0 gave yields 
of 6O?h and the 3-hydroxymethy~ species of these 
impounds have never been isolated. 

All microanalyses were carried out at the 
School of Chemical Sciences, Universiti Sains 
Malaysia. The results are shown in Table 1. 

Magnetic moment m~as~rerne~t 
The magnetic moments of the compounds 

(Table 2) were determined by the Gouy method 
[5, 65. The magnetic field, calibrate with 
Hg[~o(CNS)~]~ was produced by means of a 
Newport Type A electromagnet (with shimmed 
pole tips coned to 75 mm face diameter and spe- 
cial ma~eti~ shunt). 

~iarn~g~eti~ corrections were estimated from 
Pascal% constants. 

Efect~~~af ~~e~t~af a~af~~~~ 
The diffuse reflectance spectra of the complexes 

(Table 2) were recorded on a Hitachi 330 Spec- 
trophotometer, Analar magnesium oxide was the 
caiibrant used. 

hfkr& spectrai anafysis 
All II% spectra (data shown in Table 3) were 

recorded using a Nicolet 5MX FT-IR spectrome- 
ter with samples as KBr discs: 

The thermograms for the de~om~sitio~ of the 
compounds were recorded on a DuPont 990 Ther- 
mal analyser coupled to a Dupont 951 ther- 
mogravimetric analyser. The results are given in 
Table 4. 

TABLE 1. Microanalysis resuks of ~(II)[5~e~A~ and Cu(II}[3HO~~-~Me~A]~ 

Corn~u~d Formula Calculated (%I) Found (%) 

c H N C H N 

~(~I~~~A]* GoHz,N,Q,Cu 33.38 5.50 7.79 33.43 5.45 7.74 
~u(II)~~~~M~-SM~A~ WWWW~ 34.34 5.76 6.57 34.02 5.68 6.84 
N~(~~~~M~~AJ~ C,~~~~N~O*N~ 33.80 5.70 7.89 33.60 5.50 7.94 
Co( H)[ SMeOCA], CwH2,NzOsCo 33.81 5.68 7.89 33.79 5.70 7.91 
Zn( II)JSMeOCA], C,oNdJ2%Zn 33.21 5.57 7.75 33.33 5.57 7.75 

TAEILE 2. Magnetic moments and electronic spectra of M(II)[5MeOCAlz and ~~(II)[3HOMe-~Me~A]~ 

CQm~ouad Magnetic moment Observed 
KS (BM) band (cm-‘) 

Tentative pigment 
of trans~tj~~ 
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TABLE 3. IR data of M(II)[SMeOCA], and Cu(II)[3HOMe-5MeOCA], 

Compound Infrared absorptions (cm-‘) 

v(O-H)~ v(N-H) 

Cu(II)[SMeOCA], 3500 3250b 
Cu( II)[ 3HOMe-SMeOCA], 3450 
Ni( II)[ SMeOCA], 3350 3240b 
Co( II)[ SMeOCA], 3400 3240b 
Zn(II)[SMeOCA], 3400 3240b 

“H,O of coordination (broad band). bDoublet 

v( COO,,,, ) r( COO,,, ) 

1610 1378 
1600 1395 
1594 1408 
1592 1400 
1591 1409 

TABLE 4. Thermal decomposition” of M(II)[5MeOCA], and Cu(II)[3HOMe-SMeOCA], 

Compound Range of decomposition Mass Assignment of 

(“C) loss(%) mass loss 

Cu(II)[SMeOCA], 

Cu( II)[ 3HOMe-SMeOCA], 

Ni( II)[ SMeOCA], 

Co( II)[ SMeOCA], 

Zn(II)[5MeOCA], 

74-131 
(115)s 

63-95 

(88)b 

140-224 
( 180)b 

116-200 
( 156)b 

110-168 
( 142)b 

12.0 

5.6 

10.5 

9.9 

9.6 

Loss of 2 water 
molecules 
(theoretical I I %) 
Loss of 1 water 
molecule of 
crystallization 
(theoretical 4%) 
Loss of 2 
coordinated water 
molecules 
(theoretical 10.2%) 
Loss of 2 structural 
water 
(theoretical 10.2%) 
Loss of 2 water 
molecule 
(theoretical 10.0%) 

“Only the first decompositions are shown due to their significance in determining the nature of the water molecules. bFigures in 
parentheses indicate the decomposition peaks. 

Crystallography: determination of X-ray crystal 
structure of Cu(IZ)[ SMeOCA], C,O Hz,, N2 OS Cu 

Intensity data for a crystal with dimensions 
0.18 x 0.31 x 0.38mm were measured at room 
temperature on an Enraf-Nonius CAD4F diffrac- 
tometer fitted with MO K, radiation, I = 
0.7107 A. The 0:28 scan technique was employed 
to measure a total of 1954 reflections such that emax 
was < 25”; some high-angle Friedel pairs were also 
included. No significant decomposition of the crys- 
tal occurred during the data collection. Corrections 
were applied for Lorentz and polarization effects 
and for absorption; analytical procedure max. and 
min. transmission factors were 0.715 and 0.636, 
respectively [7]. There were 1858 unique data of 
which 1444 satisfied the 12 2.50(l) criterion of 
observability and were used in the subsequent 
analysis. Crystal data are listed in Table 5. 

The structure was solved from the interpreta- 
tion of the Patterson synthesis and refined by a 
full-matrix least-squares procedure based on F [ 71. 
All non-hydrogen atoms were refined with an- 

TABLE 5. Crystal data and refinement details for 

C,,H,,N,OsCu 

Formula C,oH&uN,Os 
Formula weight 359.8 
Crystal system Orthorhombic 

Space group p2,2,2, 
c(A) 8.166(l) 

b(A) 8.936(l) 

c(A) 20.463( 5) 
V(A3) 1493. I 
Z 4 

PC (g cm-s) 1.601 
0000) 748 
P (cm-‘) 14.70 
Theta limits 1.5-25.0 
Data collected 1954 
Unique data 1858 

Data with I > 2.5u(I) 1444 
R 0.021 
k 10.6 

g 0.0002 
& 0.021 
Pmax(e A-‘) 0.2 
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rsotroprc thermal parameters and hydrogen atoms 
were located from a drfference map and mcluded 
m the model such that both their posmonal and 
thermal parameters were allowed to refine A 
weighting scheme of the form w =kl 
[a*(F) +gF’] was mcluded and the refinement 
contmued (for the preferred chrrahty) to final 
R =0021, R, = 0 021 for k=l06 and 
g = 0 0002 The analysrs of variance showed no 
_-__.-1 c--r __^^ -_1 r,.. ___~~ ~~ 3 -1 spec~d~ redLures dnu me mdximum resiaudr eiec- 
tron densrty peak m the final difference map was 
0 20 e A-’ Fractional atomic coordmates are 
listed m Table 6 and the numbering scheme em- 
ployed 1s shown m Frg 1 which was drawn wtth 
ORTEP [8] The scattering factors for neutral Cu 
(corrected for f’ and f”) were from ref 9 and 
those for the remammg atoms were as mcorpo- 
rated m SHELX76 [7] 

TABLE 6 Fractional atomic coordinates ( x lo5 for Cu, 
x IO4 for other atoms) for C,,H,,N,O,Cu 

Atom x Y I 

$1) 
O(2) 
O(3) 
O(4) 
O(5) 
O(6) 
O(31) 

O(41) 
N(1) 
N(2) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 

C(10) 

31518(S) 
2456( 3) 
1952(5) 
668(4) 

3372( 3) 
3475( 4) 
1314(3) 
5849( 3) 
4168(4) 
2689( 4) 
3021(4) 
2271(4) 
2516(4) 
1035(5) 
1374(9) 
1128(6) 
3392( 4) 
3332(4) 
1895(5) 
31l!UX\ “J.“,“, 
1412(5) 

23563(4) 
332( 3) 

-1119(3) 
3272( 3) 
4447( 2) 
5923( 3) 
1924(3) 
1702( 3) 
8824( 3) 
2849( 3) 
1912( 3) 

99(3) 
1439( 3) 
1715(4) 
1426(6) 
3624( 5) 
4691(3) 
3329( 3) 
3422( 3) 
3949: 6) 
1417(5) 

21464(Z) 
2395( 1) 
3244( I ) 
3829( 2) 
1878( 1) 
1012( 1) 
306( 1) 

2194f21 
1376( 2) 
3075(I) 
1191(l) 
3004( 2) 
3455( 2) 
3913(Z) 
4625( 2) 
3184(Z) 
1268(Z) 
815(Z) 
331(Z) 
Inr,?\ ~ J-r”{ L, 
957( 2) 

Fig 1 Molecular structure and crystallogrdphlc numbermg 
scheme for C,,H,,N,O,Cu 

Results and Discussion 

The molecular structure of Cu( II)[ SMeOCA], 
(Fig 1) establishes the expected condensatron of 
the formaldehyde and threonme moretres and the 
formation of a bldentate hgand All bond lengths 
wrthm the hgands are wrthm the range observed 
for srmllar complexes [ 1, 2, lo- 121 The copper 
atom exists m a square pyramidal geometry wrth 
the basai piane defined by two N, 0 cheiatmg 
hgands such that the oxygen donor atoms are 
trans The Cu-N( 1) and Cu-0( 1) bond lengths 
are again typical [ 1, 2, lo- 121 The axral posmon 
m the coordmatron polyhedron 1s occupred by a 
coordinated water molecule and the copper atom 
lies 0 1272(4) A out of the N,O, basal plane m 
the du-ectron of the coordmated water molecule 
Characterrstrcally for Cu(IT), the bond to the apr- 
cal water molecule 1s longer than those to the 
donor atoms m the coordmatton square [ 12, 131 
but the Cu-0( 31) bond distance of 2 281( 3) 8, IS 
shorter than those found m simiiar compounds 
[2, lo-131 Fractronal atomtc coordmates and se- 
lected mteratomrc parameters for the compound 
are listed m Tables 6 and 7, respectrvely 

In the crystal lattice, there are several mter- 
molecular contacts as might be expected The 
coordmdted water molecule, however, does not 
partrcipate in any significant intermolecular con- 
tact In contrast, the water molecule of crystalhza- 
tron forms several close contacts, these bemg 
1 94A for H(41) O(5) such that the 0(41)- 

H(41) O(5) angle 1s 160”, H(42) O( 1’) of 

TABLE 7 Selected bond distances (A) and valence angles (‘) 
for C,,H,,N,O,Cu 

cu-O( 1) 
Cu-N( I) 
cu-O(31) 

C( 1) -O(2) 
~(2)_N(l) 

C(3)-C(4) 
0(3)-C(5) 
C(+O(4) 
C(6)pC(7) 
C(7)pC(8) 
C(8)wx6) 
N(2) -C( 10) 

1 963(Z) 
I 987(3) 
2 281(3) 
I 222(4) 
1 LQ7(4) 

1 506(6) 
1 407(5) 
1 267(4) 
1 530(4) 
1 538(5) 
1 422(4) 
1 472(5) 

O( I)-cu-O(4) 1684(l) 
O( l)~Cu~N(Z) 93 6(l) 
O(4)-CupN( 1) 94 3( 1) 
O(4)-C&0(31) 99 7(l) 
N( I)-CumO(31) 101 5( 1) 
CupO( l)pC( 1) 1160(Z) 
C( l)-C(2)-N( 1) III Z(3) 
C(3)-0(3)-C(5) 105 9(3) 
C(2)-N( I)pCu 109 3(Z) 
C(5)pN( 1)pCu 114 5(Z) 
0(4)-C(6)-C(7) 117 3(3) 
C(7)mC(8)-O(6) 103 l(3) 
0(6)-Q IO) -N(Z) 104 9(3) 

CwO(4) 
Cu-N(2) 

C(l)-O(1) 
C(l)mC(2) 
C(l)-C(3) 

C(3)-O(3) 
N(l)-C(5) 
C(6)-O(5) 
C(7)-N(2) 
C(8)pC(9) 
O(6)-C( IO) 

0( I)-Cu-N( I) 
0(1)~cu~0(31) 
O(4)-CumN(2) 
N( I) -Cu-N( 2) 
N(2)-Cu-O(31) 
0(1)~C(1)~0(2) 
C( 2) - C( 3) - O( 3) 
O(3) X(5)-N(l) 
C(2)-N(I)-C(5) 
Cu-0(4)-C(6) 
C(6)mC(7)mN(Z) 
C(8)- 0(6)pC( IO) 
C( lO)~N(Z)~Cu 

1 956(2) 
I 994(3) 
1 273(4) 
I 525(4) 
1 <<n,<\ , -‘J”\-‘, 
I 433(5) 
I 468(5) 
1221(4) 
I 488(4) 
1 503(5) 
1410(4) 

844(l) 
91 8( 1) 
84 9( 1) 

165 8(I) 
926(l) 

1244(3) 
104 Z(3) 
105 6( 3) 
103 8( 3) 
1163(Z) 
Ill l(2) 
104 4(3) 
115 Z(2) 



2.04A and 0(42)-H(42). ..O(l’) (where O(1’) 
is related by the s~metry operation: X, 1 + y, z); 
and O(41”) . + * H(N2) of 2.30 A where 
O(41”) . - . H(N2)-N(2) is 139” (O(41”) is related 
by the symmetry operation x, - 1 + y, z). 

The room temperature magnetic moment of 
the compound as well as its electronic spectrum 
(Table 2) are in accord with those found for 
square pyramidal copper complexes [S, 14- 
181. Its TR spectrum exhibits a characteristic dou- 
blet due to the absorption of the ==NH group at 
3300-3160 cm-“. However, absorptions due to 
=NH and -NH* groups are absent in the IR 
spectrum of Cu( II)[ 3HOMe-SMeOCA], from 
which Cu(II)[SMeOCA], is isolated when the for- 
mer is recrystallized. The IR spectra of both com- 
pounds are very similar, having absorptions 
ascribed to coordinated water as well as carboxy- 
late asymmetric and symmetric stretching frequen- 
cies (Table 3) and a triplet in the 1200-1080 cm-’ 
region characteristic of the oxazolidine ring sys- 
tem [ 16, 191. Hence Cu(II)[ 3HOMe-SMeOCA]~ is 
assigned a similar structure to that of 
Cu( 11)[ 5MeOCA12, possessing an oxazolidine ring 
and an ~-hydroxymethyl group. 

The formation of the 3-hydroxymethyl deriva- 
tive necessitates the initial loss of protons from 
the amino nitrogen of Cu(II)(L-threo)z with the 
ensuing electrophilic attack by formaldehyde 
molecules. Although such a phenomenon is known 
to occur in basic as well as non-basic media [ I, 201, 
Cu(II)[ 3HOMe-5MeO~A]~ appears to be the first 
example of a stable complex possessing an oxazo- 
lidine ring and an ~-hydrox~ethyl group to have 
been isolated. The room temperature magnetic 
moment of the compound is nodal for high-spin 
copper(I1) complexes [5, 14- 181 and is consistent 
with the copper(H) ion being an orbitaliy non- 
degenerate state of the type *B, or 2A,, [14, 171. 
Its electronic spectrum closely resembles those of 
the square pyramidal complexes [Cuen,NH,]- 
[ BF,], [ I?] and [ dihydro- lH,3H,SEI-oxazolo- 
[3,4-c] oxazoie-7~-carboxylato] copper( II) [ 161 and 
hence the observed bands are assigned similar 
transitions based on those assigned for the previ- 
ous two compounds (Table 2). The empirical 
formula of the compound shows the presence of 
two water molecules. Since thermal analysis results 
(Table 4) indicate that the first weight loss (5%) 
closely corresponds to the elimination of a water of 
crystallization, it is surmised that the fifth coordi- 
nation site in Cu(II)~3HOMe”5MeOCA]~ is occu- 
pied by a water molecule. 

The IR spectra of the Ni(II), Co(I1) and Zn(I1) 
derivatives of 1 show a close resemblan~ to that 
of Cu( II)[ 5MeOCA]2, with similar absorptions in 
the dia~ostic regions. These compounds are 
therefore postulated to have the same structure as 
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that of the Cu(I1) chdate. Their empirical formu- 
lae suggest that they each contain two molecules 
of water, the presence of which is evidenced by 
abso~tions at 3650-3300 cm-” in their IR spec- 
tra (Table 3). As thermal analysis has shown that 
these water molecules are not easily removed 
(Table 4), it is reasonable to assume that they are 
structural water which coordinate to the respec- 
tive metal ions giving an octahedral arrangement 
about the metal ions. 

The magnetic moments of the Ni(I1) and 
Co(I1) complexes are indicative of octahedral 
config~aions [5,6, 15,211; so too are their solid 
reflectance spectra for which the absorptions 
bands are assigned transitions (as shown in Table 
2) based on those found in the respective Ni(I1) 
and Co(I1) compounds having octahedral ge- 
ometries [22]. 

supplemental material 

Tables of fractional atomic coordinates, ther- 
mal parameters, interatomic parameters and 
structure factor amplitudes are available on re- 
quest from author E.R.T.T. 

Universiti Sains Malaysia (S.B.T. and C.H.N.) 
and the Australian Research Council are thanked 
for support (E.R.T.T.). 

References 

J. R. Brush, R. J. Magee, M. J. O’Connor, S. B. Tea, R. J. 
Geue and M. R. Snow. J. Am. Chem. Sm., 95( 1973) 2034; 
L. Casella, A. Pasini, R. Ugo and M. Vista, J. ‘Chern. Sot., 
Dalton Trans. (1980) 1665; S. B. Teo, S. G. Teoh, T. W. 
Hambley and M. R. Snow, J. Ckem. Sac., Daita~ Trans. 
( 1986) 553; S. B. Teo, S. 6. Teoh, J. R. Rodgers and M. R. 
Snow, .I. Chem. Sec., C&m. ~~~un~, (1982) 141; S. 3. 
Tea, S. G. Teoh and M. R. Snow, Inorg. Chim. Actu, 163 
(1984) Ll; S. B. Teo, C. H. Ng and E, R. T. Tiekink inorg. 
C&m. Actu, 163 (1989) 129. 
S. B. Teo, S. G. Teob and M. R. Snow, Inorg. Chim. Actu, 
107 (1985) 211. 
C. Ibarra, R. Sato, L. Adan, A. Decinti and S. Bunei, 
hzorg, Ckim. Acta, 6 (1972) 601; J. L. Jackovitz, J. A. 
Durkin and J. L. Walter, C.S.C., S~ectroc~~. Actu, Part 
A, 23 (1967) 69. 
S. B. Teo, Ph.D. Thesis, La Trobe University, 1975. 
B. N. Figgis and J. Lewis, in 1. Lewis and R. Wilkins 
(eds.), Modern Coord~ation Chemistry, Interscience, New 
York, 1971, p. 400. 
B. N. Figgis and R. S. Nyholm, J. Chem. Sot., (1959) 331. 
G. M. Sheldrick, %5&XX- 76, Program for crystal structure 
determination, University of Cambridge, U.K., 1976. 
C. K. Johnson, ORTEP, Rep. 0~~~-~~94, Oak Ridge 
National Laboratory, TN, 1965. 



30 

9 International Tables for X-ray Crystallography, Vol. IV, 
Kynoch Press, Birmingham, U.K., 1974, pp. 58, 99, 149. 

10 J. P. Aune, P. Maldonado, G. Larcheres and M. Pierrot, J. 
Chem. Sot., Chem. Commun., (1970) 1351. 

11 H. E. Freeman, M. R. Snow, I. Nitta and K. Tomita, Acta 
Crystallogr., I7 (1964) 1463. 

I2 H. C. Freeman, Adv. Protein Chem., 22 (1967) 257. 
13 K. Tomita, Bull. Chem. Sot., Jpn., 34 ( 1961) 297. 
14 B. N. Figgis and J. Lewis, Progress in Inorganic Chemistry, 

Vol. 6, Interscience, New York, 1964, p. 37. 
IS F. A. Cotton and G. Wilkinson, Advanced Inorganic Chem- 

istry, Interscience, New York, 1967, p. 796. 
I6 S. B. Teo and M. J. O’Connor, Inorg, Chim, Acta, 70 

(1983) 107. 
I7 A. G. Tomlinson and B. J. Hathaway, J. Chem. Sot. A 

(1968) 1685. 
18 M. A. Hitchman, Inorg. Chem., 13 (1974) 2218. 
I9 E. D. Bergmann, Chem. Rev., 53 ( 1953) 309; Z. Badr, R. 

Bonnet, W. Klyne, R. J. Swan and J. Wood, J. Chem. Sot. 
C (1966) 2047; F. Bergel and M. A. Peutherer, J. Chem. 
Sot., (1964) 3965. 

20 S. B. Teo and M. J. O’Connor, Inorg. Chim. Acra, 92 
(1984) 57; P. R. Norman and D. A. Phipps, Inorg. Chim. 
Acra, 28 (1978) Ll61; L. E. Erickson, A. J. Dapper and J. 
C. Uhlenhopp, J. Am. Chem. Sot., 91 ( 1969) 2510; J. B. 
Terrill and C. N. Reilly, Inorg. Chem., 5 (1966) 1988; B. 
Jezowska-Trzebiatowska and L. Latos-Grazynski, J. Inorg. 
Nucl. Chem., 42 (1980) 1079. 

21 A. B. P. Lever, Inorg. Chem., 4 ( 1965) 763; B. N. Figgis, 
Introduction to Ligand Fields, Interscience, New York, 
1967, pp. 203, 240; M. A. Fobes and G. N. Tyson, J. Am. 
Chem. Sot., 63 (1941) 3530; D. N. Das, S. N. Moharana 
and C. D. Kailash, J. Inorg. NW/. Chem., 33 (1974) 3739; 
M. Gerloch and P. N. Quested, J. Chem. Sot. A (1971) 
3739. 

22 L. Sacconi, in R. L. Carlin (ed.), Transition Metal Chem- 
istry, Vol. 4, Marcel Dekker, New York, 1968, p. 199; D. 
E. Billing and A. E. Underhill, J. Chem. Sot. A (1968) 29; 
J. Ferguson, D. L. Wood and K. Knox, J. Chem. Phys. 39 
(1963) 881; A. B. P. Lever, Inorg. Chem., 4 (1965) 1042; A. 
B. P. Lever, Inorganic Electronic Spectra, Elsevier, Amster- 
dam, 1984, p. 376. 


