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The structure of (-)546cis-fl-[CofNO2)2(3,8-dimetrien)]C104 has been determined from three-dimen- 
sional X-ray photographic data. The crystals are orthorhombic, space group P212121, with unit-cell 
dimensions a=  11-89, b= 13.07, c= 10.28/~. There are four formula units in the cell. The structure was 
solved by the heavy-atom method and refined by the anisotropic block-diagonal least-squares method 
to an R value of 0"093 for 883 observed reflexions. The quadridentate ligand is coordinated to the cen- 
tral cobalt atom with its four nitrogen atoms and the strain involved in the cis-~-coordination is partly 
alleviated by adjusting the conformation of the five-membered chelate rings. Each substituted methyl 
group lies in an equatorial position relative to the plane of the chelate ring. The absolute con- 
figuration of the complex ion can be described as a skew chelate pair, A. The conformation of the two 
chelate rings with methyl groups is 6 and that of the other ring is 4. The configurations about the two 
secondary nitrogen atoms are antimeric as expected. 

Introduction 

There are three possible ways of coordinating a 
triethylenetetramine molecule 

(NHzCH2CH2NHCHzCH2NHCHzCH2NH2: trien) 

to a cobalt(III) ion, as shown in Fig. 1. Further asym- 
metry sources arise from the existence of the two 
secondary nitrogen atoms. Two isomers of the cis-fl 
form are shown in Fig. 2. It has been shown that the 
fl-R,S isomer, in which the configurations about the 
two secondary nitrogen atoms are antimeric, is less 
stable than the fl-R,R isomer in which the configu- 
rations about the two nitrogen atoms are the same 
(Buckingham, Marzilli & Sargeson, 1967; Sargeson 
& Searle, 1967). This fl-R,S isomer has not yet been 
isolated in a stable form but was obtained in the 
crystalline form together with the cis-a isomer, when 
a substituted trien ligand such as L-3,8-dimethyltrie- 
thylenetetramine was used (Yoshikawa, Saburi, Sawai 
& Goto, 1967). Freeman & Maxwell (1969) recently 
determined the structure of racemic cis-fl-(chloroaquo- 
triethylenetetramine)cobalt(III) perchlorate (cis-p-R,R). 
The role of the asymmetric nitrogen atom in these 
fused-ring coordination compounds is as important 
as the asymmetric carbon atom in fused-ring alicyclic 
compounds, therefore the absolute configuration of 
the asymmetric nitrogen atom is crucial to the 
stereochemistry of rearrangement which the complex 
ions may undergo during reaction. The crystal structure 
of (-)546cis-fl-[Co(NOz)z(L-3,8-dimetrien)]C104 has 
been determined mainly to establish the stereo- 
chemical configuration of the complex cation. 

Experimental 

The specimens were kindly supplied by Professor 
S. Yoshikawa of this University. They are red pris- 

matic crystals elongated along the c-axis. Oscillation 
and Weissenberg photographs were taken to determine 
the cell dimensions and the space group using Fe Ke 
radiation (2= 1.9373/~). The crystal data are" 

CsH2aC1CoN608, M=402 ,  orthorhombic, 
a=11-89+0.01,  b=13.07+0.01,  c=10-28 + 0.01/~ 
U=  1599 A 3 
Dm= 1"75 g.cm -3, Dz = 1.74 g.cm -3, Z =  4, F(000) = 

784, linear absorption coefficient for Fe Kc~ radiation 
/z=76 cm -I, space group P212121 (No. 19). 

Two series of equi-inclination Weissenberg photo- 
graphs were taken with Mn-filtered Fe Kc~ radiation 
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Possible cobalt-triethylenetetramine coordination. 
(a) trans, (b) cis-e, (c) cis-#. 
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Fig. 2. (a) R, R-cis-fl and (b) R, s-cis-p isomers. 
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around the c axis up to the seventh layer and around 
the a axis up to the second layer. The multiple-film 
technique was used. 883 independent reflexions were 
collected. The intensities were estimated visually with 
a standard film strip and were converted to Fo(hkl) 
by applying the usual Lorentz, polarization and spot- 
shape corrections. No correction was made for either 
absorption or extinction. One of the crystals used for 
the c axis rotation had a cross section of 0.18 x0-15 
turn, and that for the a axis rotation a cross section of 
0.24 x 0.28 mm. The two series of intensity data were 
correlated and reduced to a common scale. The data 

were brought to the absolute scale by comparison 
with the calculated values at a later stage. 

Determination and refinement of the structure 

The coordinates of the cobalt and chlorine atoms 
could be easily located from a three-dimensional 
Patterson synthesis. The positions of other lighter 
atoms were determined by routine application of the 
heavy atom method. Six cycles of block-diagonal 
least-squares refinement using isotropic temperature 
factors reduced the R value (defined as YlIFol- 

Table 1. Fractional atomic coordinates and an&otropic thermal parameters 
The estimated standard deviations are given in parentheses. The temperature factor expression used was 

Co 
CI 
N(1) 
N(2) 
N(3) 
N(4) 
N(5) 
N(6) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
c(8) 
O(1) 
0(2) 
0(3) 
0(4) 
0(5) 
0(6) 
0(7) 
o(8) 

exp [ - (h2fa 1 + k2f122 q- 12f33 q- hkfll3 q- klf123 + hlf113)]. 

Co 
CI 
N(1) 
N(2) 
N(3) 
N(4) 
N(5) 
N(6) 
C(1) 
C(2) 
c(3) 
C(4) 
c(5) 
c(6) 
C(7) 
c(8) 
O(1) 
0(2) 
0(3) 
0(4) 
0(5) 
o(6) 
0(7) 
0(8) 

fill 
(x 104) 
32 (2) 
47 (4) 

8 (11) 
16 (12) 
23 (12) 
19 (13) 
44 (13) 
44 (13) 
52 (19) 
59 (22) 
46 (20) 
41 (18) 
44 (18) 
34 (18) 
47 (19) 
86 (24) 

102 (16) 
30 (11) 
27 (10) 
48 (12) 

1 1 5  ( 2 5 )  
59 (14) 

109 (20) 
181 (30) 

x y z 
0-0328 (2) 0"1903 (2) 0-0485 (2) 
0.3154 (5) 0.2039 (5) 0.5067 (5) 
0.0982 (12) 0.2070 (13) -0.1276 (14) 

-0.0651 (12) 0.0853 (13) -0.0346 (17) 
-0.0362 (13) 0.1537 (11) 0.2132 (13) 

0.1530 (13) 0.0944 (14) 0-0986 (18) 
0"1228 (14) 0"3011 (13) 0"1192 (17) 

--0"0823 (13) 0"2933 (12) 0"0180 (15) 
0.0406 (20) 0.1295 (17) -0.2188 (19) 

-0.0062 (19) 0.0392 (18) -0.1494 (19) 
-0.0882 (19) -0.0184 (18) -0.2303 (22) 
-0.1062 (18) 0.0148 (17) 0.0662 (23) 
-0.1322 (20) 0.0811 (19) 0.1901 (21) 

0-0567 (17) 0-1103 (17) 0.3012 (19) 
0.0119 (18) 0.0593 (16) 0.4234 (21) 
0.1319 (23) 0.0449 (18) 0-2266 (24) 
0.0989 (14) 0.3431 (10) 0.2218 (12) 
0.2011 (11) 0.3358 (11) 0.0526 (15) 

-0.1436 (11) 0.3234 (12) 0.1039 (13) 
-0.0989 (12) 0.3247 (13) -0.0947 (15) 

0.2585 (20) 0.2583 (22) 0.6091 (27) 
0.4331 (13) 0-1941 (18) 0.5439 (21) 
0.2685 (17) 0.1029 (14) 0.4955 (24) 
0"2981 (23) 0"2598 (19) 0-3820 (24) 

fl22 fl33 ill2 f13 
(×104 ) (×104 ) (× 104 ) (X104 ) 
31 (2) 41 (3) --9 (4) 2 (5) 
39 (4) 75 (7) 4 (8) --40 (9) 
25 (12) 31 (18) --77 (23) 31 (23) 
34 (11) 41 (19) --43 (21) 19 (27) 
24 (10) 24 (15) --39 (21) 55 (24) 
35 (13) 88 (26) --23 (22) 8 (30) 

6 (10) 88 (23) --27 (25) --68 (31) 
16 (10) 29 (18) 14 (21) --40 (25) 
35 (14) 24 (22) 46 (34) --17 (37) 
46 (17) 23 (24) --12 (32) 87 (38) 
34 (16) 55 (28) 18 (31) --71 (39) 
34 (15) 66 (29) --17 (30) --25 (41) 
47 (17) 31 (26) 17 (32) 50 (36) 
38 (15) 18 (22) 17 (28) --6 (33) 
32 (14) 51 (27) --51 (29) 29 (37) 
29 (16) 54 (29) 8 (34) 35 (46) 
22 (10) 10 (15) 0 (21) - 2 5  (27) 
47 (11) 72 (18) --63 (19) 22 (26) 
41 (11) 64 (17) 44 (19) 63 (23) 
49 (12) 79 (19) 36 (23) 8 (27) 

179 (30) 268 (46) 123 (43) 23 (57) 
95 (16) 195 (29) --12 (29) 130 (37) 
48 (13) 251 (41) --37 (28) --218 (49) 

122 (22) 191 (36) -117  (44) -120  (58) 

ill3 
(x  lO4) 

0 (5) 
- -  6 ( 1 0 )  

--26 (27) 
- 1 2  ( 2 8 )  

17 (21) 
- 9  (31) 
34 (30) 
14 (26) 
42 (33) 

--2 (33) 
- -  3 4  ( 3 6 )  

44 (38) 
19 (36) 
19 (32) 

-31  (33) 
36 (36) 

- 4 ( 2 0 )  
--26 (25) 

8 (25) 
- 3 9  ( 2 7 )  

--261 (64) 
- 4 8  ( 4 9 )  

50 (41) 
232 (49) 
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I F II/ IFol) to 0.12.  At  this stage a difference Four ier  
synthesis  was  carried out  w h i c h  revealed the pos i t ions  
o f  about  ha l f  o f  the h y d r o g e n  atoms.  The  pos i t ions  o f  
the remain ing  h y d r o g e n  a toms  were ass igned from the 
c o n v e n t i o n a l  b o n d  distances  and angles.  Further  
ref inement  us ing  both  pos i t ional  and anisotropic  

thermal  parameters  for all the a toms  except  h y d r o g e n  
c o n v e r g e d  wi th  R = 0 . 0 9 3 ,  where  contr ibut ions  o f  the 
h y d r o g e n  a toms  were  included.  A we igh t ing  s c h e m e ,  

c o = l  i f  Fo>_ 5 . 0 ,  
o therwise  c o = 0 . 2 ,  

Table  2. Observed and calculated structure amplitudes 
H K FOBS FCAL H K FOBS FOAL H K FOBS FOAL ii K FOBS FCA1 H K FOBS FCAL H K FOBS FOAL H K FOBS FOAL 

10 2222,7 gl125933, o~11 77 55 012152140 ~ ,i, ~6~ 
L 0 ii 029.733.1 L = 2 Ii 19.1 16.9 12 17.3 15.0 12 7.2 i0.0 22 - 14.8 I~.5 

12 0 28.5 ~3.1 " Ii 27.~ 21.3 12 13.7 16.2 212 15.2 15.7 4 29.8 27.8 
12 i".2 16.3 5 3~.7 ~6.7 2011".9123." 1 . . . . .  52.9 11 9.9 1 22 22, 17.3 0 ~ 97.310~.8 813762 ~ o 3,0362 0 ~ 57 12 18.6 15.2 L = 5 18.5 ) 12 18.1 

0 7 .512 .0  ~ ~1,8 . ,  153.5 ~ oo 33.5 ~2.8 ~12 22.6 23.7 ~ 3,.o8"7 35.77"6 
20.2 21.5 16.7 15.0 i0.7 12.9 12 21.0 2~.0 L = 4 1 0 140.9 121." 

12018.921.7 , i ,1.9 ,0.0 , 0 ~.6 ~.1 ~ 050.86"6 ~.07"° 098 i 11.016.519.81..0 
,l.i '5.5 12 ~ ,1.5 $5." 15.0 i,.8 650 $8.839.2 L-3 0072.169.1 

25.. 25.1 65 ~ 6.1 5.7 1 ~ ~6.7 33.9 23.3 26.6 4 0 39.~ 57.0 
~ I,.7 14.8 ?8 0 7.0 12.7 12 0 85.1 86.2 I 0 57.9 55.9 ,o.5 $80 o ~ o 48 . . . . .  ~ . 5 8 6 . 0  87 , 7 .010 .8  ~.9  ,3.8 ~2.034.1 35.129.5  ~ ~ 4 , . 249 .9  32.6 26.9 u9.0 47.6 65 ~ 10.7 =.3  9 ~ 15.515.0  ? 0 0  ° 13.513.6  ~ 0 2 7 . 2 2 8 . ,  ~ ° 0 ~ 0 . 6 , 8 . ,  38.135.3  12 ~ ,~.0 $8.8 , 3.2 1.1 31.0 2?.0 97.9 8 6 . 3 4 4 . 6  '2.9 ~ 28.9 30..~ 

10.8 9.1 86.779.0 ~ ~ 57.750.6 ~ 18.i 
121155 ~i 1571671~ 3,2289 8 128 ~ ~ . 6 3 5 . 5  ~ 1o.312.8 ~.~ , . 1  ~ 00 23.021.~ 
, , . ,  , 3 . ,  27.9 27.8 0 8.5 10.9 65 0 78.6 73.2 20.4 21.7 

9129.229.7 l 253.653." 1 1 55.758.7 7023.021.9 ~ 866.160.7 ~.9 35., 4 ~ `41.3 39.5 9 , n.o 13.1 
28.6 26.6 2 , 15.7 17.4 10 1 5'.`4 55.1 ~ 22 101.2 105.5 77.9 79.5 50.1 11 1.7 1, 70.272.5 ~ ~ 37.8 ,,.0 8 OO 12.653"716.7 1010~ 0 ,.0 9.5 16.912.6 87 ~ 38.933.1 20.0 16.9 ~ ~ 15.5 17.9 lg 1 13.0 i~.~ 16.7 1 $6.3 34.0 lO I?." 19." ,7.8 ,1.7 1`43.6178.1 ~ 22 22.4 , "9.950., ii 0 0 1 9 . 7  129.6 4,.628"2 17.3 09121.0 22.1 43.~ 35.0 29.5 

i0.I 11.2 65 50.1 ".5 1 ,1., 654433.630.7 
21.2 ~ 39.3 i07., 9~.~ 22., 19.1 22 9311~7 6 116 106 78 3?5 36. ~ 219 ~ .55 228 25, ~ . 1 2 8 . 7  78 ~ ~ . 3 8 2 . 7  ~ ~.$  51.1 42.7 

'8.3 12.9 18.0 221~,.9138.6 2 2 2 1 . 3 2 , . 7  ~ 57.955.9  12 1222 ~ . . 255 .6  78 17.3 18.8 ~ ,9.7 ~ 3 , . ,  26.1 25.2 "3.9 ~6., 16.820.7 9 9 3 33.027.6 5 58.353.2 ~ 238.2 
52 ~.835.1 i0220.623., i01 59.259.8 ' I 5~.559.3 61 ii.0 i0.0 ,0.236.2 09 ~588.1"'15 88.,18"6 

22336~9 ~2751~ ~ 90 1261~ ,28 ,16 i~, 22.2 15.6 12 3).7 $,.7 65 ~ 27.6 17., 13.2 ~.) 58.6 159.61~9 29.8 ~ I 16.7 65 22119 13.7 294 ~ 2  12 ~ ,,11 ,o.9 
8 2 ~.5 56.8 1 3 ,46.2 50.0 1 2 25.9 22.3 7 1 72.3 66.8 9 1 19.0 15.~ 87 22 35.7 ~3.0 26.2 28.8 $ 5 11.2 10.3 

80.1 ~0.9 75.266.2  ~ t , 9 . 3 4 5 . 5  ~o 4,.`4 ,0.6 38.6 38.~ ~ 25.8 22.5 22 1,.9 18.9 ~ 18., 2o.1 26.1 24.2 
13.2 15.9 5 18.5 13.0 )88.2~.646.988"8 ~ ~ 37.B 34.6 19.818.8 li ~ 25." 19.4 1 7,.1 ~ . 3  ~ 22 52.8 ,8.5 3,.3 32.2 ~ 7.9 6 . ,  ~1~:~  1~:~ ~ ~ 23.62~:~ ~ 2221.,  27.0 2 2 9 . 6 6 . 7  , 1 . 0 4 2 . 7  3312.615.1  ~ 12.915.3 ,5.8 ,6 . ,  ~ 2 2 7 , . 9 7 0 . 8  12 3 , . 028 .6  87 6 .816 .5  

17. ,  20.0 12 2 51.,, 67.7 59.1 ~ Y,.5 28., 65 ~$.5 26.5 21.8 0 34.9 3,72 ~ 83,0~:~ 392 82 ~3 ,97 530 , 2853 ?56 ~ , ~5,80 266299294 
,0.8 "0.7 ) ~ 4.2 3.7 ! 35.0 2,.0 20.5 ~ 2 52.7 51.5 57.3 53.1 

~6.547." i ~ ,8., 1902 ".9 7.3 31.029.265261.653.8 65 ~ '8.6 '9.8 17.3 19.3 no `45., 38.3 ~ 66 15.8 1, .1  `43.8 42.9 29.8 '6.6 "5." 8 ~ 3 . . . .  o . 76 .172.5  ~ 22.021.9  6522 87 ~ 35.6 61.055.2  ~ ~ 1 5 . 2 1 1 . 2  10.6 16.7 1 36.0 ,0.i 5.5 8.5 51.5 50.3 19.6 16.1 
`41.7 39.7 91.3 13.3 12.8 19.4 $'.8 27.$ 656 25.1 2".3 loO, 3~:~ ~:~ ~ ~ ~ 78 .587  ~ 9 18.2 ! 2 2 . 7 2 , . ,  

"2.5 i0 23.1 21.5 16.3 16.2 '2.7 70.7 85.0 71.0 2 ~ .7  ~ 20.5 19.. 87 1 , 75.27, .0 ~ , 3 3  9,.9 9 2 3 2 . 9 3 7 . 9  1 1 2  .41.0 82.0 72.. i0,.0 1 2,.5 27.~ 
: 20.9 23.2 105.5 97.0 I01 ) 37.7 137.01,7.6 65 ~ 90.68~.0 ~ 30.1 " 28.5 27.7 15.7 1,., 5 ~ 52.2 51.8 ~ ~.1 2".5 28.6 10 57.8 55.0 0 7 36.2 $6.9 ,,9.8 .,5.1 12 ~ ,7.5 , 3 . ,  60., ~ .5  ~, ,~ 6 3 . 6 6 , . 9  

~.910.5 : 6.1 3.1 6.7 9.1 26.223.1 79.3 8~.678.8 "5." ,,.1 87 ~ 1,. ,  16.2 ) ) ,1.6 `42.6 12 ~ 81.8 756 702 ~ ~ 281 282 ~ : 8 ,  ?0 
i :  ~:.~ 5.2 Po ,~ ~'~ 55.2 11.6 13.2 27.1 31.6 290 4̀.7 95 101 8 ~ 23, ~ ; 822 62 ,3 ~ , 1 7  581 195 92 78 ~ 1 9 9 2 1 0  

~ . ,  ~ ~ ~ .3  8.,, 11.~ 25.9 ~.o  ~ ~ 19.216., 
10.2 111109~ 6~) 29.,23"75"626.3,1.82"0 1110 4̀) 60.579"316"718.977.659.510110 ~3 84.320"12"018.523"939.2 ~5 ~3 12.720"7~6"31,.2)4"920"8876 ~) ,1.715.616"9 ,1.114.312"9 098 ~̀418.41"'722"512.513"822"7 ~18827.92)~°628.02~'1 

51.7 ,2.2 15.6 1`4.9 " 22.5 18.9 60., 58.8 18 23.1 23.3 32.6 30.2 
16.819.9 ~ ) 67.165.6 i ~ 61.0 55.7 ~ ) 13.115.2 ~ ,2.2 28.7 1 ) 24.7 23.2 
813 ~, 229 228 ~ 81., 10 , 3 .6  ,1.2 ~ 88 25.9 2 , . 5  60., 20.9 22., , .0  8.2 ~ ~ ~ . 3 5 1 . 5  ~ 8 . 0 1 1 ,  lo~ ~ 12 , , 5 . 9 3 0 . ,  38.9 ,0.1 15.9 15.~ 6.,~ 6.8 ~ ~ ~0.1 41.7 , ~ 9 , o 3  o6 ~ 52 lOO 25.7 )0.2 2".7 16.5 " 12.0 12.6 , 10.3 Ii.0 29.7 30.`4 ~ ~ 2`4., 28.1 39.0 ~ , 62.,  51.o ~.5  ~ . 8  ~ ~ 2~.o 18.5 

) ,2`4 12 ~ 352 ?20 657 65 ~ 319 2,3 618 628 8 ~ 200 221 g ,73 75, 7Ol lO9 513 `42.6 ~ 99 ~7  281 ~ 26.5 ~ .7  : ~ .0  ~0.0 ~ t ~ .9  ,8 .165 ~ ,1.3 12.638.2 g ~ 13.6 9.8 26.623.1 
2.6 , .6 lO 8.5 i° ~ ~ .2  ~ .9  38.653.1  . 9 . 3 3 9 . 6  32.928.0  ,3 ~ 32.928.1  12.0 13.6 I 6510.516.3 65 10.7 87 ' 65.1 12.215.8 18.2 2'.1 " 16.2 20.1 22." 22.0 68 .8  6".1 85., 8,.7 1~ ° ~" ~ : 8.,  12.3 

16.3 i..6 i, 6o 79 86 126 ~ . 1 0 ~ . 8  ~ 66 15.5 , 8 .055 .0  : 55.1 0 ~ 6 5 7 3 . 7 7 1 . o  0 ~ lO ~ 
28.933.1 5 9.911.3 7 1`4.719 15.511.6 16.5 , 43.2 36.0 ~ 66 ~.5 51.9 817682 ~oO 8 .... 7 11." ii.8 ~ 0~.80~.9 ,2.9 ,8.7 ~ 5557.551.5  12 .215.5  ~ ~ 61., 5 7 . 5 6 2 . 2  59.5 8 : 3.97"113.o37.10 ~ ~ .o  76.6 25., 28.2 £ ~ 30.3 31.6 21.8 18.9 £ 10 19.5 22.8 

io 17.3 21.1 o6 ~ 236 2 , . 822 .6  ~ 66 ~:~ ~ .3  ~ ~117.1100.,  10 1 , . 918 .8  7.7 62.2 ~ .2  ~ ,5.8 ~ ~ 0~.765.5  ,7.7 5.6 5.5 65 oo 21.622.0  ~01 173 7 8 66 `49 5.8 2 2 . 8 2 1 . 9 6 5  ~ 7 0 . 8 8 1 . ,  25.719.8  ; , .  22.5 ~ .5  ~ 66 ~ .9  ~ .0  ~ . 3 2 9 . 8  ~ ) 17.2 1,.5 ~ ~:~ ~i:~ 78 62`4.12o.6 
I0 6 10.6 12.5 i0 6 8.1 11.2 7 5 86.7 73.9 `4 5 19.1 26.0 ? 50.1 ,,.I 6 16.1 15.6 i 0 547 54.6 
1759.858., 07100.693.6 8526.627.2 55 `48.0 `47.995 3.9 7." 9612.615.0 2012.61,.5 

77 8.6 11., ) 7 ~6.5 ,1.1 18 ) 18 lO.3 0 7 22.0 18.8 34.9 ,0.7 ~6.8 ~6.9 2,.727.8 65 5.̀ 4 7.1 67." 6~.i 65 8.4 9.2 16.8 ~ 33.5 30.1 28.5 279 8 2 1 , 6  ~ oO 320 ~ 5  
" 7 19.6 20., 3 7 1,.2 12.7 i 6 25.4 28.7 8 5 "1.9 "1.9 i 6 17.9 17.7 2 7 51.8 49.1 5 0 18.) 13.5  
5 7 8.9 I,.2 " 7 ~6.7 ,3.1 2 6 20.0 18.1 9 5 i,.0 15.8 2 6 13.6 i,., 3 7 qO.l 34.0 6 0 ,., 7.7 
6 7 )9.1 37.2 5 7 36.5 36.2 3 6 90.6 83.8 i0 5 13.0 12.3 , 6 25.9 25.9 4̀ 7 '5." 31., 7 0 26.1 28.7 
7 7 ~.3 37.2 6 7 ,0.7 28.6 4 6 19.0 18.7 0 6 ii.0 ii.i 5 6 84.3 "3.' 5 7 31.5 29.4 8 0 13.2 i,.0 
8 7 ~.8 5." 7 7 7-" 8.9 5 6 34.6 31.7 i 6 39.9 58.0 6 6 23.9 18.4 6 7 27.5 23." 0 i 63.7 67.9 
9 7 10.6 15.0 8 7 26.6 2727 6 6 51.2 48.1 2 6 43.6 "3.7 7 6 52.3 #,8.2 7 7 34-;3 32." 1 1 ".9 ii.0 
i0 ~ ,1.5 ,7.1 11.712.1 113,11,.9 ~ ~ ~1 ~2 1021,2 18 ~ 38 98 ~ 30.1 3".2 7 66 37.7 5g.5 53.2 14.9 ii.0 61.~ 

,2.4 ~ 66 7.5 9.5 ~ 630.1 25.2 
a2.2 66.3 `42.9 

1 8 8.5 16.5 2 8 ~4.0 32.3 9 6 7.2 10.8 5 6 ~2.6 37.9 0 7 7.1 6.4 2 8 17.9 16.6 5 I '2.9 58., 
~, ~ 53.2 55.5 ~ ~ 9.2 9.2 10 8.,  ,2.9 12 ~ ,8.3 ~ . o  ~ 88 ,2.8 o2., ~o.o ,o. ,  23.0 ~.8 19.7 ) 9.0 ~.7 ) ~ 37.335., ,8.7 `43, ) 66 lO.6 i`4.6 18.5 19.6 18.5 16.5 i".i 

~'k~"681 ~ ~ ~91°1452127 ~ 77181 102112 181 ~ ~ 32119' 339178 ~ 77.00~9255 335658815.~7288 95 8 ~ ~517° 17o~7 
9 8 7.0 5.1 7 8 10.5 8.6 " 7 36.7 37.9 i0 6 9.0 9.1 5 7 29.8 25.7 7 8 10.7 9." 0 2 21.6 21.8 
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was employed. Atomic scattering factors were taken 
from International Tables .for X-ray Crystallography 
(1962). 

Since the ligand was prepared from L-alanine the 
known absolute configuration of the two asymmetric 
carbon atoms can be used as internal reference asym- 
metric centres to determine the absolute configuration 
of the whole complex ion (Mathieson, 1956). Final 
atomic parameters and their estimated standard 
deviations are listed in Table 1. They correctly represent 
the absolute configuration referred to the right-handed 
axes. The observed and calculated structure amplitudes 
are compared in Table 2. Calculations were carried 
out on the HITAC 5020 E at the Computer Centre of 
this University. 

Results and discussion 

Fig. 3 shows the arrangement of th.e complex ions in 
the unit cell viewed along the c axis. Complex cations 
and perchlorate anions are alternately repeated along 
the b and c axes. 

A perspective drawing of the complex cation is 
presented in Fig. 4, which also represents the absolute 
configuration. A cobalt atom is surrounded nearly 

octahedrally by four nitrogen atoms from the trien 
ligand and two nitrogen atoms of the nitro groups. 
The nitro groups are in cis-positions. The bond lengths 
and angles are listed in Table 3 with their e.s.d.'s. 
The two nitrogen atoms, N(5) and N(6), of the two 
nitro groups are coordinated at a distance of 1.94/~, 
which is shorter than those between the cobalt atom 
and the other four nitrogen atoms of the chelating 
molecule. 

There exist three chelate rings and the absolute con- 
figuration of the complex ion can be described as a skew 
chelate pair, A. The N - C o - N  bond angles which form 
the chelate rings I, lI and III are compressed to 85.0 °, 
86.7 + and 86.0 ° respectively. The bond angles around 
the two secondary nitrogen atoms and adjacent asym- 
metric carbon atoms show significant deviation from 
the normal tetrahedral angle: 

C(4)N(2)C(2) 117-9 (1.6) °* 
C(6)N(3)C(5) 113-5 (1.6) 
C(7) C(6)C(8) 116.2 (2.1) 
N(2) C(2)C(1) 103.5 (1.7). 

* The estimated standard deviations are given in parentheses. 

! j 

,9 ~, c,~,/ ~ "'"--- P i 
- -  C(4) . .~ / - [ ~ 0 ( 3 )  _ ]..~Q / 

• I r k N , 

, , , ,  . . . . .  

.0~ ' - - .  - - - r " "  ~o(2) ,, ~ i ; -  " 

.~--- ' "  OT7 ) " " ' - 6 ~  O( 8 ) ',2'97 t'~ ~..--" 
. . . .  - ~ ~ . w  ,,, ' %  .._.---'! 

° 

" " ~  0(6)  "'. "" ' • • • "N / /  ~ ' 

/ '  ' > - - - - ;  ' o l 

N 7 

.. - f  / t / . - ' ' ' "  

Fig. 3. Projection of the structure~along)he-c axis, 
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The C-C distance in the central chelate ring, 1.57 A, 
is somewhat longer and those in the chelate rings of 
the two ends, 1.49 and 1.46 A, are shorter than the 
normal C-C bond distance of 1.54 A. This result is in 
contrast to those of Freeman & Maxwell (1969). In 
the case of cis-fl-[Co(trien)ClOHz] (C104)2, the former 
is shorter than the latter. The steric strain which arises 
from cis-fl-coordination of the substituted trien ligand 
appears to be partly accommodated by the above 
mentioned geometrical distortion of the ligand. 

The absolute configurations about the two asym- 
metric nitrogen atoms are antimeric [N(2): R, N(3): S]. 
This is the first time that this type of conformational 
isomer has been reported. 

One of the terminal five-membered chelate rings, 
I (Fig. 5), is in the eclipsed envelope conformation, 
that is, the four atoms, Co, N(1), N(2), C(1), are 
coplanar, while the carbon atom with the methyl 
group, C(2), is off this plane at a distance of 0.66 A. 
The other terminal ring, III, is rather different and the 
two carbon atoms, C(6), C(8), are off the plane 
.formed by the cobalt and two nitrogen atoms at 
distances of 0.53 and 0.33/k respectively. On the other 
hand, thecentral chelate ring, II, has an unsymmetrical 
skew conformation and the carbon atoms C(4), C(5) 
lie at -0 .44  and 0-19 A respectively from the plane 
through N(2), Co and N(3). In the crystal of 
cis-fl-R,R[Co(trien)ClOH2] (C104)2, two outer chelate 
rings have unsymmetrical skew conformation and the 

central one is envelope type. The Newman projections 
of the chelate rings along the central C-C bond are 
shown in Fig. 6. The dihedral angles between the planes 
of the chelate rings are: 

I - I I ,  175"2, I I - I I I ,  85"5, I - I I I ,  85"8 ° . 

~ ) 

) 

Fig.4. A perspective drawing of the complex ion, (--)546" 
[Co(NO2)z(L-3,8-dimetrien)]+. 

Table 3. Bond lengths and angles with their e.s.d's 

Bond length 
Co-N0) 1.983 (0.015) A N(1)-Co--N(2) 
Co-N(2) 1.994 ( 0 . 0 1 6 )  Co--N(2)-C(2) 
Co-N(3) 1.943 ( 0 . 0 1 4 )  N(2)-C(2)-C(1) 
Co-N(4) 1.969 ( 0 . 0 1 7 )  C(2)-C(1)-N(1) 
Co-N(5) 1.941 ( 0 . 0 1 7 )  C(1)-N(1)-Co 
Co-N(6) 1.923 (0"016) 

N(2)-Co--N(3) 
N(1)-C(1) 1.542 ( 0 . 0 2 7 )  Co--N(3)-C(5) 
N(2)-C(2) 1-500 ( 0 . 0 2 7 )  N(3)-C(5)-C(4) 
N(2)-C(4) 1.471 ( 0 . 0 2 9 )  C(5)-C(4)-N(2) 
N(3)-C(5) 1.503 ( 0 - 0 2 8 )  C(4)-N(2)-Co 
N(3)-C(6) 1.536 (0.025) 
N(4)-C(8) 1.489 ( 0 . 0 3 1 )  N(3)-Co--N(4) 

Co--N(4)-C(8) 
C(1)-C(2) 1.487 ( 0 . 0 3 1 )  N(4)-C(8)-C(6) 
C(2)-C(3) 1.487 ( 0 . 0 3 2 )  C(8)-C(6)-N(3) 
C(4)-C(5) 1.572 ( 0 . 0 3 3 )  C(6)-N(3)-Co 
C(6)-C(7) 1.520 (0.030) 
C(6)-C(8) 1.455 (0.033) O(5)-CI-O(6) 

O(5)-C1-O(7) 
N(5)-O(1) 1.223 (0.022) O(5)-C1-O(8) 
N(5)-O(2) 1.241 (0.022) O(6)-C1-O(7) 
N(6)-O(3) 1.217 (0.021) O(6)-C1-O(8) 
N(6)-O(4) 1.244 (0.021) O(7)-C1-O(8) 

CI-O(5) 1.440 ( 0 . 0 2 8 )  Co--N(5)-O(1) 
C1-O(6) 1.456 ( 0 . 0 1 8 )  Co--N(5)-G(2) 
Cl-O(7) 1.438 ( 0 . 0 1 9 )  O(1)-N(5)-O(2) 
CI-O(8) 1.491 ( 0 . 0 2 6 )  Co--N(6)-O(3) 

Co--N(6)-O(4) 
O(3)-N(6)-O(4) 
N(5)-Co--N(6) 

Bond angle 
85-0 (0"6) ° 

110"0 (1"2) 
103"5 (1"7) 
113"3 (1"6) 
108.1 (1.1) 

86"6 (0"6) 
109"8 (1"2) 
109-1 (1.7) 
107.0 (1.7) 
108.8 (1.3) 

85.5 (0.6) 
112.7 (1-3) 
108.3 (1.9) 
110.4 (1.7) 
107.5 (1.1) 

107.6 (1-3) 
109-2 (1-4) 
108.9 (1-5) 
108.3 (1-0) 
113-7 (1"2) 
109"1 (1"3) 

122.0 (1"3) 
118.6 (1"3) 
119"2 (1-6) 
123.4 (1.3) 
119"0 (1"2) 
117.6 (1.5) 
86.3 (0.7) 
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The conformation of the two chelate rings with 
methyl groups is & and that of the other ring is 2, and 
methyl groups lie in an equatorial position relative 
to the plane of the chelate rings. 

N-O distances in the nitro groups average to 1-23 A, 
the average O - N - O  angles being 119.5 °. They are in 
agreement with those found in other nitro complexes 
(for example, Cotton & Edwards, 1968; Bertrand & 
Carpenter, 1966). 

The average C1-O distance, 1.46 A, is comparable 
to the distances in perchlorate ions found in other 
structures. However, appreciable distortion of the 
O-CI-O angles was observed: the largest O-CI-O 
value is 114.7 _+ 1.2 ° and the smallest, 106-9 +_ 1.3 °. 

There are two short contacts which may be con- 
sidered to be hydrogen bonds. One, 2.94 A., is found 
between the perchlorate oxygen atom 0(7) and the 
ligand nitrogen atom N(4), and the other, 2.97 A, is 
found between the oxygen atom 0(2) of the nitro 
group and the ligand nitrogen atom N(2). There are 
also short C . . . O  contacts in the range 3.13 - 3.29 A 
found between ligand carbon atoms and oxygen atoms 
of the nitro groups. These contacts might suggest 
that weak C - H . . . O  bonds are present (Sutor, 1963). 
Interatomic distances less than 3.5 A are listed in 
Table 4. 

The complex ion shows a negative Cotton effect in 
the longer wavelength circular dichroism band in 
the region of the octahedral (Tlg) absorption, and the 
net chirality of the complex ion is A. Consequently the 
simple empirical rule between the sign of the longer 

(I) 

wavelength circular dichroism band and the net 
chirality was found to hold even in the case of the 
quadridentate ligands as well as in the case of the 
sexidentate ligands (Muto, Marumo & Saito, 1969). 

Table 4. Interatomic distances lesv than 3.5 .,~ 

Symmetry 
operation 
applied to 

Distance second atom 
N(3)-O(4) 3.13 1 
O(2)-C(5) 3-25 l 
0(2)-0(4) 3"21 1 

~ N(2) 

C(3) 
(i) 

43.2o~ ~ N(2) 

(IJ) 

(ll) 

C(7) 
(llJ) 

Fig. 5. Conformation of the chelate rings. 

C(7) l 

• " ~  N (4) 

(Ill) 

Fig. 6. Newman projections of the chelating ligand. The projec- 
tions are: ring(l), the C(1)-C(2) bond; ring(II), the 
C(4)-C(5) bond; and ring(III), the C(6)-C(8) bond. 
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Table 4 (cont.) 

O(2)-N(2) 3.16 1 
0(8)-0(4) 3.34 1 
N(3)-O(3) 3.37 1 
N(6)-O(3) 3.11 1 
O(2)-C(4) 3.37 1 
0(2)-0(3) 3"22 1 
0(1)-C(4) 3-27 2 
0(3)-C(8) 3-38 2 
0(1)-C(5) 3.13 2 
0(1)-C(7) 3.46 2 
O(3)-C(7) 3.47 2 
O(7)-C(8) 3.29 3 
O(6)-C(5) 3.43 3 
O(4)-N(6) 3.25 4 

Key to symmetry operations 
1 0"5 + x ,  0 . 5 - y ,  - z  
2 - x ,  0.5+y, 0 .5 -z  
3 0.5-x,  - y ,  0.5+z 
4 x, y, 1.0+z 

The authors are grateful to Professor S. Yoshikawa 
and Dr  M. Saburi for kind supply of the specimens. 
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The Crystal and Molecular Structure of Copper(II) Chloride- 
Bis-(N,N-dimethylaeetamido)thioether 

BY JOHAN COETZER 

Chemical Physics Group, National Physical Research Laboratory, Council for Scientific and Industrial Research, 
P. O. Box 395, Pretoria, South Africa 
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The crystal structure of copper(II) chloride-bis-(N,N-dimethylacetamido)thioether has been determined 
by three-dimensional X-ray analysis employing Patterson and Fourier techniques. The atomic param- 
eters were refined by the full-matrix least-squares method to a final R index of 0.106 for 838 observed 
reflexions which were photographically recorded. The space group is P I  with Z =  2 and cell dimensions 
of a =  11.15+0.01, b=8.17+0.01, c=7.77+0.01/~,  ~ = 95.7 + 0.3, /?= 97.4 + 0.4 and ~,=96-9 + 0.4 °. The 
central copper atom is pentacoordinated with the ligands arranged in a square-pyramidal configuration. 

Pentacoordinated complexes of copper(II) are known 
in the t r igonal-bipyramidal  and square-pyramidal  
configurations (Barclay, Hoskins & Kennard,  1963; 
Gil lard & Wilkinson,  1963). The molecule of copper(II) 
ch l° r ide-b is - (N 'N-dimethylace tamid°) th i°e ther  is an 
example of  the latter type of fivefold coordination. 

The bril l iant green crystals of  CuC12.CsH16N202S 
crystallize in a triclinic lattice, space group PT. The 
following unit-cell dimensions were obtained from 
measurements  made on oscillation, precession and 
Weissenberg photographs:  

a=11 .15+0-01 ,  b = 8 . 1 7 + 0 . 0 1 ,  c = 7 . 7 7 + 0 . 0 1 / k  

~=95 .7  + 0.3, ]?=97.4+0.4 ,  7 = 9 6 . 9 + 0 . 4  ° . 

The crystal density measured by flotation is 1.63 
g.cm -3 from which it follows that the unit cell contains 

two molecules (calculated density = 1-62 g.cm-3). Using 
the multiple-fi lm equi-inclination Weissenberg tech- 
nique with Cu Kc~ radiation, intensities were collected 
by visual comparison with a calibrated strip for 838 
independent reflexions. Layer lines with k = 0 to 4 were 
recorded with oscillation about  the b axis. 

A crystal of  spherical shape (diameter,-~ 0.2 ram) was 
used for the intensity measurements.  The s tandard 
Lorentz and polarization corrections were made as well 
as absorption corrections according to International 
Tables for X-ray Crystallography (1962). 

The structure was solved employing three-dimen- 
sional Patterson and Fourier  syntheses. Refinement  
using equal weighting was carried out by means  of  a 
full-matrix least-squares program (Busing, Mart in  & 
Levy, 1962) which minimizes the function ~,e)(Fo - Fo) 2. 
With individual isotropic thermal parameters for the 


