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Abstract 

Three [CAIN,] complexes, red trans-[Cu(3,3-dmgluim),(R-phenea)z] (l), blue-violet trans-[Cu(hyd),(R-phenea),] 
(2) and blue puns-[Cu(succim)&phenea) (R-phenea)] (3) (3,3-dmgluim = 3,3_dimethylglutarimidato, hyd = hy- 
dantoinato, succim = succinimidato, phenea = 1-phenylethylamine), were prepared and their crystal structures were 
determined. Crystal data are as follows: 1 is monoclinic, space group P2,, a = 14.854(l), b = 17.105(3), c-5.988(2) 
A, p= 91.65(l)“, U= 1520.8(5) A3, 2=2, R =0.033, and 2318 reflections; 2 is monoclinic, space group P2, 
a = 19.946(2), b =6.035(l), c = 10.025( 1) A, p = 104.383(7)“, U = 1168.9(3 A3, Z = 2, R =0.035, and 1864 reflections; 
3 is triclinic, s ace group Pi, a = 12.434(4), b = 12.670(3), c = 8.765(2) 

13, 
1 LY = 94.83(2), fl= 112.87(2) y= 73.15(2)“, 

U= 1219.9(6) Z = 2, R = 0.054, and 3678 reflections. In 1 the coordinktion geometry is planar, and the specific 
intermolecular hydrogen bonds are formed along the c axis between H(NH2) of phenea and O(C0) of the six- 
membered cyclic imidate. In 2 and 3 the coordination geometries are tetrahedrally distorted. The intramolecular 
hydrogen bonds are formed between H(NHZ) of phenea and O(C0) of the five-membered cyclic imidate. Three 
different staggered forms of and one eclipsed form of rotamers in the phenea ligands have been found. 

Introduction 

The transition metal complexes with various cyclic 
imidates have been widely studied [l]. The copper(I1) 
imidate complexes with monodentate amine ligands, 
general formula [Cu(imidato),(amine),], are also in- 
teresting from the view of the physicochemical aspects 
[2]. They are red (pink) crystals [3]. Several X-ray 
structure determinations have been reported on them, 
and the results showed that all structures had a fruns- 
planar 4N coordination [4]. Most of the red crystals 
are soluble in organic solvents like ethanol, forming 
deep blue solutions [2, 31. The color change from red 
to deep blue has been studied extensively [2c, 31. 

As a part of our structural studies of the effect of 
the asymmetric center on molecular structures [5], we 
tried to prepare the copper(I1) imidate complexes with 
chiral primary amines and a pair of pink and blue 
crystals in these systems were obtained as follows: (1) 

*Author to whom correspondence should be addressed. 

3,3_dimethylglutarimide and R-1-phenylethylamine 
(phenea) (reddish purple (red) crystals); (2) hydantoin 
and R-phenea (blue-violet crystals); (3) succinimide 
and racemic phenea (blue crystals) (Scheme l)**. It 
is expected that the structure of these complexes will 
give valuable information about the color change in 
the solid state. In this paper we wish to report the 
results of the structure determinations of these three 
complexes. 

**The following combinations were also tried to obtain the 
diastereoisomer of copper(H) complexes. (1)’ 3,3-dmgluim and 
racemic phenea, (2)’ hyd and racemic phenea, (3)’ succim and 
R-phenea. (1)’ gave red cIystals. Anal Found: C, 61.31; H, 7.28; 
N, 9.68%. Calc. for C&,ZN,O,Cu: C, 61.47; H, 7.22; N, 9.50%. 
Monoclinic, P2,/n, a = 14.859(l), b = 17.231(l), c = 5.972(2) A, 
p=92.43(1)“, V=1527.2(5) A3, 2=2, 1923 ref. and R=0.071. 
Positional disorder was observed for the methyl carbon atom 
bounded to the carbon atoms of the chiral center of phenea. 
(2)’ and (3)’ gave only a blue oily product and we could not 
isolate pure material. [Cu(succim),(R-phenea),l in solution was 
very well investigated in ref. 2(c). 
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Scheme 1. 

Experimental 

Preparations 
Complexes were prepared following Tschugaeff s 

method with slight modification [6]. 

(Cu(3,3-dmgluim),(R-phenea)J (1) 
To a suspension containing 0.65 g (10 mmol) of 

copper powder and 3.0 g (21 mmol) of 3,3-dimethyl- 
glutarimide in 50 cm3 of ethanol were added 3.4 g (28 
mmol) of R-1-phenylethylamine. The mixture was stirred 
at room temperature for 6 h. The resulting red crystals 
were collected by filtration and recrystallized from hot 
ethanol. Anal. Found: C, 61.30; H, 7.19; N, 9.50. Calc. 
for C,,H,,N,O,Cu: C, 61.47; H, 7.22; N, 9.56%. 

[Cu(hyd),(R-phenea), (2) 
To a suspension containing 0.65 g (10 mmol) of 

copper powder and 2.0 g (20 mmol) of hydantoin in 
50 cm3 of methanol were added 2.4 g (20 mmol) of 

R-1-phenylethylamine. The mixture was stirred at 40 
“C for 2 h. The resulting blue-violet crystals were 
collected by filtration and recrystallized from hot meth- 
anol. Anal, Found: C, 52.38; H, 5.67; N, 16.44. Calc. 
for C,,H,N,O,Cu: C, 52.42; H, 5.60; N, 16.67%. 

[Cu(succim),(R-phenea)(S-phenea)] (3) 
To a suspension containing 0.65 g (10 mmol) of 

copper powder and 2.0 g (20 mmol) of succinimide in 
50 cm3 of ethanol were added 2.4 g (20 mmol) of 
racemic 1-phenylethylamine. The mixture was stirred 
at room temperature for 2 h. The resulting blue crystals 
were collected by filtration and recrystallized from hot 
ethanol. Anal. Found: C, 57.33; H, 5.91; N, 11.32. Calc. 
for C&H,,N,O,Cu: C, 57.41; H, 6.02; N, 11.16%. 

Measurements 
The diffuse reflectance spectra of the complexes l-3 

in the solid state were measured on a Hitachi U-3400 
spectrophotometer. 

X-ray structure determinations 
Crystalls of compound 1-3 were mounted on a glass 

capillary with a covering of epoxy. The reflection data 
were collected by the ~-20 scan technique on a Rigaku 
AFC5 automated four-circle diffractometer using Ni- 
filtered Cu Ka radiation (A = 1.54184 A). The unit cell 
dimensions were determined by a least-squares method 
using 25 reflections. Crystal data are summarized in 

TABLE 1. Crystal data of compounds 1, 2 and 3 with experimental conditions 

1 2 3 

Formula 
Formula weight 
Crystal system 
Space group and Z 

a (A) 
b (A) 

H&wN.&C~ 
586.24 
monoclinic 
p21, 2 
14.854( 1) 

H,&,N,O,Cu 
504.05 
monoclinic 
Et, 2 
19.946(2) 

c (A) 

17.105(3) 6.035(l) 
5.988(2) 10.025( 1) 

ff (“) 
P (“) 91.65(l) 104.383(7) 

k $) 1520.8(5) 1168.9(3) 
D, and D, (g cm -‘) 1.28, 1.28 1.43, 1.42 
Scan width (“) 1.40-t0.15 tan0 1.50+0.15 tan0 
Scan speed (“min-‘) 4.0 6.0 
2&.%X (“) 120 120 
Range of h, k and 1 -17<h<17 -22<h<22 

O<k<19 O<k<7 
0<1<7 O<l<ll 

Observed reflections 2689 2125 
No. unique reflections with IF,( > 34((F,() 2318 1864 
No. variables 521 411 
Final R 0.033 0.035 
Final R, 0.047 0.052 

R = S(/FoI - lFcl/)/ZIFol, R,= [%v(lF,I - ~F,~)*/%v~F,~*]‘~ with w = [uc’+ (O.OlS~F,~)*]-‘. 

J%C,,NJXu 
502.08 
triclinic 
Pi, 2 
12.434(4) 
12.670(3) 
8.765(2) 
94.83(2) 
112.87(2) 
73.15(2) 
1219.9(6) 
1.37, 1.36 
1.50+0.15 tan0 
4.0 
125 
-14<h<14 
-15<k<15 
0<1<10 
4417 
3678 
419 
0.054 
0.079 
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TABLE 4. Possible intramolecular hydrogen bondings 

D-H...A D...A (A) D-H...A (“) 

Complex 1 
N(P)A_H(NPA)2...O(GA)2 
N(P)A-H(NPA)l...O(GB)l 
N(P)B_H(NPB)2...O(GA)l 
N(P)EH(NPB)l...O(GB)2 

Complex 2 
N(P)A-H(NPA)2...O(HA)2 
N(P)A-H(NPA)l...O(HB)l 
N(P)B-H(NPB)2...O(HA)l 
N(P)EH(NPB)l...O(HB)2 

Complex 3 
N(P)A_H(NPA)l...O(SA)2 
N(P)A_H(NPA)2...O(SB)l 
N(P)%H(NPB)2...O(SA)l 
N(P)B_H(NPB)l...O(SB)2 

3.122(5) 113(3) 
3.356(5) 109(3) 
3.284(5) 117(3) 
3.082(5) 113(3) 

2.869(5) 138(3) 
2.892(7) 139(3) 
2.761(6) 140(3) 
2.809(5) 146(3) 

2.875(4) 145(3) 
3.143(4) 124(3) 
2.922(4) 123(3) 
2.887(4) 143(3) 

in Table 3, the coordination geometry around the copper 
atom is flattened tetrahedral. The bond angles of 
N(P)A-Cu-N(P)B and N(S)A-Cu-N(S)B are 149.1(l) 
and 153.0(l)“, respectively. In 3 the distortion around 
the copper atom is larger than that in 2. The dihedral 
angles between the CuN, least-squares mean plane and 
the C-N-C planes of succim are 40 and 45”, respectively. 
The dihedral angle between two succim planes is 84O*. 
Intramolecular hydrogen bonds formed between the 
phenea NH, and carbonyl oxygen atoms of succim are 
listed in Table 4. 

Description of the crystal structures 
The intermolecular hydrogen bondings or cat- 

ion-anion interactions are effective on the geometries 
of some monodentate copper(I1) complexes in the 
crystalline state [14, 151. For example in [CuClJ-, 
whose geometries vary from square-planar to tetra- 
hedral, hydrogen bonding plays a critical role in de- 
termining the molecular geometries [14]. 

The crystal packings of l-3 are shown in Fig. 3(a)-(c). 
The intermolecular hydrogen bondings of l-3 are sum- 
marized in Table 5. 

In 1 the specific intermolecular hydrogen bonds are 
formed between the molecules, whose symmetry re- 
lations are (x, y, z) and (x, y, 1 +z) as shown in Fig. 
3(a). These hydrogen bonds lead to the columnar 
packing along the c direction, and confine the axial 
positions of the copper atom in that column. Similar 
hydrogen bonding patterns are found in red trans- 
[Cu(succim),(amine),] (amine = NH3 and n-PrNH,) [4a, 

*It may be pointed out that the almost perpendicular arrange- 
ment of two imidate groups in trunk position can cause a ‘propeller’ 
chirality. The molecule 3 has such a pseudo ‘propeller’ chirality. 
The space group, however, indicates that enantiomeric pairs are 
present. 

(4 

(cl 
Fig. 3. Crystal structure of (a) [Cu(3,3-dmgluim),(R-phenea),] 
(1) projected down the a axis; (b) [Cu(hyd),(R-phenea),] (2) 
projected down the b axis. (c) An ORTEP drawing of the hydrogen 
bonding unit of [Cu(succim),(R-phenea) (S-phenea)] (3). 

b]. The planar geometries of the molecule 1 and other 
various red trans-[Cu(imidate),(amine),] complexes may 
be stabilized effectively by the formation of those col- 
umnar structures. The contacts between these columns 
are of van der Waals character. The hydrogen bondings 
play a decisive role in determining the high degree of 
dihedral angles between the CuN, and the imidate 
planes of 1 (72 and 73”). In red trans-[Cu(succim),- 
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