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The ligand in the title compound is quinquedentate, and gives rise to a 7-coordinate (approximately 
pentagonal bipyramidal) uranyl complex. The crystal structure is orthorhombic, Pnma, with a =  10.50, 
b = 21-76, and c = 8.025/~; 716 unique reflexions were observed and the structure was refined to R = 0.069. 
The deviations of the uranium environment from strict Ds~, symmetry are discussed, and the ligand 
geometry is compared with that of its quadridentate (lower) homologue. 

Introduction 

N,N'-Bissal icylidene-1,5-diamino-3-azapentane (re- 
ferred to hereafter as saldienHz) has been shown to 
act as a p lanar  quinquedentate  l igand in its complex 
with uranium(VI) (Akhtar,  McKenzie,  Paine & Smith, 
1969), a l though it is only quadridentate  with first-row 
transit ion metals (McKenzie & Paine, 1969). We now 
report  full details of  the crystal and molecular  struc- 
ture of UOzsaldien. 

The structure was solved by normal  heavy-atom Pat- 
terson and difference Fourier  methods,  and refined by 
block-diagonal and later by full-matrix least-squares 
calculations. All atoms except the hydrogens were 
located and refined with isotropic thermal  vibrat ion 

* Present address: Department of Chemistry, The Univer- 
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Table 1. Atomic fractional coordinates ( x 104) and iso- 
tropic thermal parameters (~2) with e.s.ds, in 

parentheses 

x/a y/b z/c B 
Experimental U 327 (2) 2500 (0) 651 (2) 3.13 (4) 

UOzsaldien, prepared as described previously (Akhtar  O(1) -45  (27) 2500 (0) 2740 (41) 6-5 (8) 
0(2) 643 (29) 2500 (0) -1348 (43) 7.4 (9) 

etal., 1969; Augustin,  Kerrinnes & Langenbeck,  1964), 0(3) 1831 (18) 1786 (10) 1108 (28) 6.1 (5) 
formed orange-yellow prismatic crystals, many  of N(1) -2009(28) 2500(0) 134(43) 4.5(7) 
which showed obvious signs of twinning. A single crys- N(2) -589 (22) 1384 (12) 84 (33) 6.1 (6) 
tal of  approximately 0"05X0"15×0"15 m m  was used c(1) -2550(35) 1965 (16) -692(54) 8.7 (10) 

C(2) -2045 (28) 1376 (16) 98 (44) 6.3 (8) 
for obtaining all the following data. Unit  cell a =  C(3) 19 ( 2 6 )  950(13) -337 (36) 5.1 (7) 
10.50 (1), b=21"76 (2), c=8"025 (8) A;  U =  1833.7 Aa; C(4) 1353 (28) 904 (15) -417 (42) 6.0 (7) 
~Oo=2.08 gcm -3, Z = 4 ,  ~Oc=2"09 gcm-3;  space group c(5) 1884 (27) 345 (13) -1119 (37) 5.1 (7) 
Pn21a or Pnma f rom absences (k + 1= 2n + 1 for Okl and c(6) 3139 (28) 253 (14) - 1263 (39) 5.6 (7) 

c(7) 4039 (32) 650 (15) -629 (46) 6.7 (8) 
h = 2 n +  1 for hk0); Pnma chosen and  confirmed by c(8) 3593 (32) 1192 (15) 201 (41) 6.0 (8) 
subsequent successful refinement. 716 unique non-zero c(9) 2268 (27) 1289 (13) 264 (37) 4.6 (6) 
reflexions were measured visually f rom precession H(1) -2270 2500 1345 6.5 
films hkO to hk3 and hOl to h61 obtained with Mo K~ H(2) -2291 1974 -1940 10.7 

H(3) -3568 1977 -579 10.7 
radiat ion (/z= 108.5 cm-1). The usual Lorentz and po- H(4) -2377 988 -604 8.3 
larization corrections were applied as were absorpt ion H(5) -2380 1342 1357 8.3 
corrections by the method of  Busing & Levy (1957). H(6) -510 551 -692 7.1 

H(7) 1218 15 -1634 7-1 
H(8) 3486 - 159 - 1869 7.6 
H(9) 5050 555 -707 8.7 
H(10) 4259 1523 716 8.0 



2 7 6  N , N ' - B I S S A L I C Y L I D E N E - 1 , 5 - D I A M I N O - 3 - A Z A P E N T A N E - D I O X O U R A N I U M ( V I )  

~lr~l Ir.l "o k o  
a75*7 191, 3 o. 466 
388..5 ~7.5.s -=*964  

6 31o.6 38?.`5 o , : 6 =  
1o 338, 4 =;*7*.5 -a*948  
I= tT=•  4 : 0 6 . 4  o.847 
1~ 873.1~ 874*9 "3.V37 
1 147.4  143.= 0 .340  
88 : 37 ,6  :36,.5 " 3 . 9 1 9  
ao 7 8 . 0  79 ,=  o. 343 
a= 69,8 6=,p "a ,765  
04 60.o .57,.~ 0,3.54 
=6 47,0  .5o•4 - 3 ,  ool 
a8 44.7 j .5,0 0 ,~ t3  
3 ° 05*7 =4*.5 "=*o47 

o t 
1 183.= 830.1 "= .97= 
a 37,7 z7* 7 -= t364  

t 1 5 ,  = i 14 ,6  O, t64 
8~,1 79*7 "=*gs7 

t t  95 *6 93*0 0.179 
13 $6,6 6z.C - ; , 8 8 7  
1.5 .56.6 6.5*9 o,114 
:7 So. 3 47*3 -=*870 

• = 
456*= 434*7 o*o77 
: 3 6 , 6  854*t - a ,903  

:0  : : 7 * 9  177*5 " = , 6 9 7  
18~ 84,  7 87.0  ¢*333 
84 73*J 7 7 , |  "1o~11 
86 8 t , 6  84,4 o,=6.5 
88 7 1 , t  77*8 - s . 8 8 6  

T a b l e  2. Observed and calculated structure factors 

~0 .5~,8 .50"7 ° ' 349  9 =5,4 aT .z  - = . ~ 7  
o 3 s o  t T S . ~  961,d  -1,9~`5 

t 866.  7 77~*3 -a*897  I t  `56.9 6 7 , 7  0.34`5 
.5 316,.5 337. 7 0*790 t= 178.8 183. ~ e .199 
.5 69 , :  84.o  -1 ,638  13 88.$ 97-9 "= ,986  

s :  143..5 s39*5 0,3`58 14 94 .  o s t = . ,  - : . 8 4 o  
83 98 . t  1o4.8  -= ,813  s~ 470.5 .53*t 0.=6.5 
z.5 813.  3 t83*7 0.469 :6  ~3 .0  97 .6  0.383 
87 9 7 . 3  88,7 -1 .833  17 38.8  30.1 - = . 7 t  7 
19 $3 ,6  6 0 . :  o. 48o to 7a.X 79 .$  " = , 7 9 6  
31 ~ * 4  ~408 --3"749 19 6.0  3*4 0.363 
13 48 . s  4.5,8 0 .407 =o ~=.7 ~6.7 0.=77 

• 4 as 34.0 ao*4 - a . 6 ~ o  
o : ,1 18 ,1  -00:.54 4 7~.1 33 70.3 36"7 "=-793  

86.1 -3*=tO :3 ~4-9 3 | . 7  ~'39`5 
6 35 ,$  3o, o 3,o$3 =4 48,6 44,6  o,409 

1 158 7 136-$ "3 -898  o ~ 49- t  46.4 - 3 , 9 7 1  
3 143 ,3  14704 0*13 |  : 101*7 9.5*0 - = ' 9 5 :  
$ s34*9 81o,  3 - 1 , 8 6 8  ; 34 ,6  z8*J o,=7s 

0 6 881,`5 104. 4 0,178 
7 6 , $  79 ,1  0 1 0 8 t o  4 36*.5 33,4 "=-9o3  
8.507 8.5.8 o.`5o3 ~ 131,~  131..5 - ; . 9 9  8 
9 : - 9  1o7.4 - = , 9 o 6  69 ,6  66,4  0.1.54 
7 a * t  8o.  4 o .$o7  9 9 8 . o  89.4 "= ,964  

• 7 ts  ~s*7 47.4 o*386 
I 1 4 , :  I q , 7  - 1 , 8 1 3  tS 3o ,7  1 6 , t  - I , 9 o l  

3o-7 38 .8  - I , 8 0 8  73 .56*4 $6 ,0  - 3 , 1 9 .  * 
• 6 t.5 41, 4 4o*~ o,383 

$7 *o S4*a " s*693  77 36.6  36..5 - 3 ,846  
78.0 6.5*4 o*.564 = 

: 67.8 64,7 - 3 . 7 8 o  87~8 
60*7 68*7 o-338 : 3 : . 4  93*3 o*3=7 J~*$ -3 .607  

o 9 ; 77-8 8 8 , ?  " ~ , 7 7 4  
1 J 8 , t  =B*8 0*449 98 ,1  87*4 0,1.56 

43" t  3 ° *0  0"311 4 |o4*3  i 8 3 . 7  o.=$9 
o 1o 

o 17.8 19.7 "= .674  ~ 40' & .57*3 o.319 
93*= 8=,1 0*334 

s : SO 69.3  63,8  -= .834  
o $ 4 7 * 9  $ $ t . o  o*73o ~s =.5*9 3~*.5 o .3o¢ 
s 6 5 . s  6 ~ . o  -=*996  11 so=..5 96.s  o,34~ 
4 184-3 17 .= o,3.5: 83 ~s '3  $ 7 . $  "=*970 
.5 70*= 71.0 -3 .o13  14 60.`5 67*9 - ~ , 8 8 7  
6 =36, 5 = s t . o  -3*946  t.5 31..5 33*.5 o.393 

; : * 9  88. o c.$37 86 4?*9 46.~ 0,436 
==9,9 83o,1  o,887 : 8  $ : , 0  47*o "=*760 

g j 6 , 6  ,o 175. ,  ,~:~ -=.9o,  ,9 - . 3  ~ . 7  o. 161 
-a*9o7  ~o .53,5 4~.3 o ,300  

t a  863.  $ 161,3 o.=a3 a 
~ ,~:~ 1~:~ :~:t~ ~ 86:7 :~i:~ :~:~; 

133.7 
16 6.5, 9 93*4 o,334 ; 7 : * 6  73.8 0.=30 
18 ~oc .6  103*a -= .88= 870,3 16.5,= 0.=34 
so 7.5*3 79*4 o,3oc  4 7 5 . 7  76*7 "=*9=.5 

: 4 ~ 154"7 *63*6 "=*9z= 
© =s.  8 6 . 6  - 3 , 6 8 g  46.3  47*9 o.339 
¢ ~67.~  168,$  -=*914 t o  $6,o  .5?*7 o.=.st 

85o*9 14o,.5 o , o s s  t :  1o3 .4  94-4 o,343 
1.56.0 :.59*.5 o ,387 . 3  47,9 .5.**3 -= ,606  

9 I ~ I , L  t86*5 "S*877  13 9.**3 7 6 . 6  -= ,833  
$1 : 0 6 , 0  8 1 4 ,o  0,1`5.* 14 41,= 3~*.¢ 0,~1~ 
1~ 66.4 66.`5 -= .8 . .1  15 77. 6 76.0 0.$5D 
1.5 67. 4 64-3 0*369 :6 .5:*6 44,0 --=.69= 
16 47-3 3.5,: - 3 - o 0 6  t7 67*7 77oO - = . 7 9 6  
X7 75,7  75 ,4  -3 -651 :~ 36*= 3`5*3 0,401 
19 $ t . 9  ~0.1 o,393 5=,9 65 , `  5 0.33 = 

1 3 
© 1o3.7 808.o o.841 
i i V ,  4 16.6 -o *19o  
; $6.6 68 .4  - 1 , 8 9 4  
3 a$,3 a~ ,o  3,0o7 

$a .o  ~ ' . l  o.461 
11 $1.0  4~ *3 o .15o 
: 4  18o0 30"7 " 3 , 7 7 7  
: 6  $0.4  38.6 - = , 9 s t  

1,9~8 48.0 -= .~ ,  
77* j  IG3,~ -=0914 

= ~$,4 ~8,3 o.847 
193 .o  : 91 .~  . , a t  

34,8 ;7*s  - a , 8 = ~  
a 1~.5,~ 170.6  -= .gob  

l 
0 68~: ~8,o -=,64.5 
t ~9 , :  ~5*.5 o - :o5  

71,~  7~.a o,==~ 

q 78.$  8 t . t  " = , 9 3 7  

30.7 ~ . y  o,84b 
.54.3 ~9*3 o. 17] 

1 o 
t 63..5 04,9 -a .8~5 

77-9 77.9 C. a6= 
4 3`5*3 =o.~ "=-938 
.5 68.6 68.6 - a . ~ $ t  

l 7 
C 68 ,8  78 ,6  - : . 7 6 7  
1 34,1 17,6 o.~15 
= 7.*-`5 78.0  o,34 $ 
4 70-9 80q7 - - I .685  
o 64~1 73.6  0.347 

i 
4 .50.1 4.~ 0.136 

9 
• 4o,1 4o*~ -w*?3? 
= 48.0 4=, t  o,~88 
4 38, a 41.8 -a .759  
o 44,8 41,7 0 .37:  

so 
z ~4~0 30.4 0*406 

o 14o,1 142,3  o,33 = 
: o o , 4  98 .o  - a . 9 3 6  

3 137.1 131"3 " = ' 9 4 4  
3 : 37*s  s$6.o o .sa6 
4 333,6  833-7 o*793 
" 10800 ~ t 6 , 4  -=*976  

314.3 3so,~ - 3 . o o =  
7 $.5.9 $8.1 Oo.5~.5 
8 11.5,7 =03.6 o.s0.5 

89 
41 .56.0 .57*7 -=-771 

3 4 
o t 4 , 3  19.7 - o . t =  7 
1 4 t . ~  49.9 o.o== 

" ' i  .8.6 o. 3 IS* :=*9  ~ .o6 |  
37* ~.5.; 0 .094 3 $ 

o 3 : . 7  3 7 . 0  "= .779  
1 113"4 177*3 -= .88=  
a 47.o 4~.9 0 .~70  
3 1~$.9 141,0 o, s t s  
4 03,~ .59.7 -1o9=6 

t ~ i s  106.3 - = , 6 6 6  
4 = 49.1 o*s.55 

1 
0 74,8 79,9 "~*~`5o 

/ = , o  8o,.5 o . : 8 7  
38,o 3 t , 7  - ~ , 8 J 6  
74 ,$  6,6  " : , 8 4 6  
74,1 ; , c o  ¢*3~4 

; 6 734,~  t 4 t * 4  o 8o 1 
~8"9 3 l * ~  ~)* ;it 7 9 141.`5 147*0 *=*947 

8 1o 804*5 114o= - = * 9 0 6  
o t.=et 6 ? , o  - 1 . 8 =  4 St 88,6 t 0.¢, t o , $ b r  
i .~4-6 17*,5 0.337 81 84*9 68.9 o,1681 
3 .56.t ~.5.4 0*384 : I  87.6  103.~  -2 .09  fS 
.* .*:.3 43o9 -a*7.57 1 79*6 84 .4  "~.~.69 

6 1 . o  $ 9 . o  - = . 7 8 9  s5 66 .7  76.x c . = t o  
.~6.s 35.7 o .376  16 67 . .  r 7 t06 @***gt 

= 9 17 6 3 , 0  7006 - ~ . 8 4 s  
t ~301 17-8 o* .~ :*.l 18 66,1 ~ ) . 0  -~*87S 

: 8~ S9.q 58 ,7  o,  33: 
(. z4b*7 :`50. u 0*341 =O 4~*0 3 *S 
1 166.4 764 .o  -3 .987  ~ °03°~ 
= 839.9 838,4 -= ,~8=  81= 48,~ ~ .s -1 .848  =e,7 `55,8 - 1 . 7 3 8  

733 ,4  834*9 ¢ , s~6  aS =6*7 40 .6  o , q $ $  
4 z43*o 151.o o. 133 s4 16.7 31.~' 0.360 

z64, s : 6 2 . 6  - = . 9 9 1  4 t 
t 8 o , s  t71 .~  "~ ,944  o 3o ,3  -3 ,689  
:34 . :  83~.~ 0 . ,  , ~ : ~  ~7.7 - I . 9 , 9  
t.53,6 1.53,4 0.3o9 = 3 7 , s  33*6 o*4o3 

9 57 .o  6 s . ~  - = . 7 7 ~  34 ~9*9 63.s o .197  
10 103.0 103".5 - 1 "844  46.3 47*7 -10~68 
~.1. 9 4 , 3  99*6 o , 3 t o  • ~6.3  70 ,0  - 3 , 9 7 3  
s= 97*7 97.1  o .393  6 8 .7  ~9,6  ¢**~0 
13 ~'='3 88o8 "= ,903  66.7 o .s73 
84 84,9 6 "3 -a *833  1 64,3 43* 4 44*1 3 J68 
1~ ~9.6  6~ . . . . .  67 6 . . . .  . - 9 3 7  
s e*3=~ 19 ~8,6 71 .6  73 .1 4.5*9 83*4 O• 1.50 
17 .580.5 .53*J -1 *643  t8 47.1 .51.9 0.19o 
16 $3 ,8  .59* 6 01*784 s= 34,1  16 ,5  "1*737 
19 3g,6 4.5.4 O*~S: a ~3 3.5,4 36..5 01,88.5 
:o  59.6 .56.1 o.333 14 13.6 = l . g  0*39.¢ 
31 39*9 44*? -1.86`5 1.5 36.6 3 t . 5  o*174 
.;3 4o. 9 4~*$ - = . S t  t 4 : 

.~ 3 8~o 9 94*o  0*119 o 
0 4405 4401 -= ,666  1 81,1 86,1 - I , 8 8 4  
: 84,8 81..5 - = . 7 9 8  = 98.8 90*9 "=09*6 
a .56,.5 57 ,3  o , 3 4 4  34 114*0 SlOeS 0.181 
.~ 1 o l . 3  1o0.6 0,=7= 74.1 70.6 0.166 
4 8.5.: 90.1 " 1 . 9 3 o  5̀ 1o1-3 Io1.`5 ol .93.5 

133-1 1=7..5 "= .9~3  6 .5406 .¢8*3 - 9 . 8 0 6  
6 7 , t  64.6 o .3o 7 96*6 

1 3 7 . 8  ~ * ~ , 3  o, 1o9 ~ 9 7 . *  o,3o7 76,7 76*7 o .141 
87.1  86 .1  "=*~37 9 8 3 . 1  79*4 - 1 , 8 9 8  

9 9.5,0 1o3.6 -a,9o.5 so 6s .6  6o .s  - 1 , 8 5 o  
1o 64*7 7o*1 o*=37 11 61 .7  68.1 o .167 
11 8 1 , o  78 ,6  o ,~9o  1= 44 ,6  48 ,6  0 ,337  
~= 48..5 46.6 - l . 8 o  7 13 71-9 68*3 °3*896 
13 $~ '3  .58*3 -=*777 t4  47*9 4.5*= J 6o9 
s4 35-4 31,3  0-37= 15 $3, t  34.6 O.168 
1.5 .57,6 $8 .3  c . 3 3 t  86 35 ,9  4o*.5 o ,337 
16 34-7 30.1 -3*706  77 36,7 41 ,6  " 1 . 8 0 8  
17 3 °*4 46"3 " = ' 7 6 5  4 3 
:~  36,7 34,8 0 ,333  o 111,  3 109o.5 - = , 8 7 8  
19 $3 .4  49-7 0.309 1 1oo ,7  9.503 -1086o  

3 3 ; 93-$ 93-9 o .306 
0 61. 66.$  o .78o 9 t . 3  85*7 0 . 3 s o  
' 38,~  33.4 "= .887  4 ~ 0 9 , 4  ' 17 *4  "= .903  
= .5t,6 .53,9 - = . 9 3 o  6 ~ a t 4 , =  800,6 -10866 

=9.o a~ .6  o.33o ta6* 3 836 ,3  o ,=sz  
4 19*5 19,3 o.  408 o .367  
$ 64,3 $4,4 "~ ,993  ~ 93,5  91-$  80=.6 9.5*3 - h 8 7 0  
6 41"4 41*t --=.873 90 91*7 67.1 -1*873 

~o 19*9 1 7 . :  - 3 .76o  z 1 o l . o  93 .o  o. s6a 
11 14 ,a  s = . 4  o.384 81 88, 4 81,6 o.866 
13 ~17, 4 38.1 0*306 ¢= 64*t  69.9 -1 .815  
13 =9.0 33.9 -3 ,9 .5 :  13 .55,= .T9*= - 3 . 7 ~ 7  
14 3 ° ' 9  37, o "= ,9o7  84 .57.6 610.5 0 .$3  $ 

.] 4 15 48*7 `53,1 0.~30 
0 6.5..~ 6`5,1 - 3 , 7 8 1  16 .¢0, 4 $4e6 J 7J4 
: : 3 c . 6  :=.5.7 - 3 , 8 8 t  87 .53.o $ s . o  - 1 , 8 8 ~  
s 9 1 , 6  93.$  o ,846  sO .53*9 46,7 o, . .48 
3 t3803 s a7 ,8  o .=$3 79 38,8 38 ,4  o,`59o 
4 101,6  101,7  - = , 9 1 0  30 3907 4 4 . J  °3*80.5 
6~ 14o,7 13o.5  - = , 9 o 1  4 

73-7 78.1 o .381 

c 48,0 4o,8 - S , 8 o  9 
1 37.3 38 .o  0.3`50 
8 $7.= 3.5.0 0-=43 

5 t . 6  38.5 " = .  841 
63*z 61"7 - = . 9  19 
: 7 , 3  14. o.363 

3 
1 4 7 , o  35.4 - a . 8 4 6  
a ~z.  4 .50. o 0.349 
: 48 ,o  $ 3 , o  o ,3o  $ 
q 46.= 43,8 - 1 , 8 8 4  

44*3 43 ,6 -=*778  
38.o 35.7 o*~o7 

3 7 
o $`5.o 6=.o  - I . 7 9 7  
t 49 . :  48*3 o.317 

6.~,z 66. 3 o.379 
J 4 : . 9  37 .9  - 1 , 7 4 7  
4 3b*= 6s,  3 - = , 8 o :  
6~ 4.%3 41,3 0.3.5= 

49,9 37 .8  00348 
3 8 

4 3o*$ = , :  o.9o8 
3 9 

o 40.1 36,9 "=*791 
1 31. 9 =4.6 0.37 : 
= 39 . :  34.5 o*371 

31,= 33.4 "= ,763  
39 .~' 19,9 o.4o9 

3 zo 
: I ~ . a  04,8 o.394 

a4.~ 16 .6  a " , 7 ~ 7  
4" 0 

o 93~$ 95 ,o  - I , 9 o 7  
S 8 t , 0  77 .0  -1 .877 
a 79.4 79*7 o.179 
3 69.3  o9.9 o,893 
4 81,`5 8401 - S , 6 8 3  

8=04 74.1 -=0670 
77*4 76.1 0.177 

4 6 
o 36.o  4 9 . s  - = . 8 8 8  
I 4`5,6 46.7 00368 
= $7.1 34-4 o*~9o 
3 31.4 38.6 °3 ,884  
4 .5t*4 5404 -3*837 

43*s 43*7 o .379 
41.o 46.o  o ,316 

4 7 
4 39*6 : 6 , 1  - S , 8 ~ t  
3 33-7 s t . 6  " 1 , 7 4 t  

4 6 
0 ..9.8 3703 -1 .746  
1 41 .4  41*8 0 .375  

48,= 4o.s o .361 
&4.,4 40,8 - 2 , 7 6 =  

4 43*8 $8-3 -=*770  
5 4 9 , :  3`5,4 0*439 
6 38*9 `5A.3 0 ,4o5 

.5 s 
o 16o.1 761 , t  0o13`5 
: 96*s 1o3-1 -= .818  
= 85,$ 9 t . 8  - = . 9 3 o  
3 770*1 770*~ 0.895 

$e ,3  $ s , ~  o , 3 9 t  
144-7 :`50*9 " = ' 9 1 7  

6 80.3 84*4 " 3 . 9 t 3  
834*s 131*1 o. 136 

66 .5  7 1 , a  0 ,=$6  
c : 9 1 , o  t 85 ,  5 o .z70 ~ 1=0,6 116,9 - J , 8 8 8  
: 830 .$  130,7 - a , 8 8 8  t 7=*$ 73 .6  - a . 9 o 6  

x89.8 Zyb.8 - 1 . 9 6 4  l= 1o9. 8 l l a .  3 o.  s47 
19o.3 =o1.4 o.166 I= 63*s 55*3 0*893 

4 : 37 .7  145.c o ,=s= s3 86 .o  64,9 "a*83p  
S 113,a IE3,6  " a , 9 6 5  74 $.*,4 $5,o - a ,81&  
6 t $ = . e  s19*2 - = * 8 t s  t$ ?S*3 77.3 ¢ .304  
7 891*3 z85, 9 o , *68  J6 55.= .s t ,s  0.863 
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Table 2 (cont.) 
t - • ,  •8  14.9  ; 4 . 8  - 3 , 6 • •  S~ 66,0 6 .3 607 

1 40,1 3 o , 0  -s*8=4 19 49.$ 49.3 o.43~ 
19 4 1 . 4  ~o,o o.376 =o 14-9 18.1 o,368 

"$ I • o 1 6  11~*3 - = . 9 1 1  
0 ~ 4 9 =  4+.+ - , , , 3 3  

• 4.5 14 .6  " • . 7 = 0  
• 8=.3 84.4 - • - 9 5 7  33 48.o 41,$ o . 3 7 8  

80*6 61.1 0,330 6 
75*6 79"4 0,194 ¢ 51 , •  61,9 --=,900 
96 .=  1o4*o - • , 6 9 9  : 43,B 4S,8  - 3 . 0 ~ s  
31-7 39,1 - • . 7 3 0  = 53.7  ~5.= o.=7o 
67"7 9•*~ o . s 6 3  3 16,8 45.0 o,114 
4 t *=  46.3 ©.315 46.3 47.= -=,83s 4 
81.9 83* 5 - 3 . 6 6 1  6 46 .4  41.6 o,334 

: = ~ 33,7 "4 . . . . . .  1 47*•  33.1 " *~78 
t 67*•  7o*~ o , 3 1 4  48.9 44.3 " • . 8 3 7  
11 33.4 4 • . 4  0.305 tO 36.=  3 3 . t  0 , 366  
• • ~8.  5 6 1 . •  - 3 . 8 C 4  11 3609 ~8. 9 o,149 
l j  $3,1 49,3 - 3 . 9 o l  6 
:4  $ 0 . 4  ~8 . t  0 , 3 •  $ o ~6 8 36,4 o,33a 
:$ 36*6 3?*t  o*193 1 86.6 84.1 -= ,846 
16 37*1 45.1 - = , 7 6 o  3 69.4 89*4 0,374  
17 58.3 33-4 - • , 8 6 6  ~ ~o.7 ~$,8 0.333 
16 39.0 48.1 o.518 9 t *1  b9.s -= .874 

$ 3 6 36.6 37-0 -= .9=3 
o $6, 3 6 • , 6  0,108 7 78,6 73,$ o-3o4 
t •o ,9  1 6 , 3  - • . 7 o ~  9 71*1 68,9 - • . 8 3 5  

38. t  19,0 --•,909 t t  46. 4 ~6,3 0,36 $ 
3 40 .0  49*6 o* •J3  13 ~1 .o  56.6 - = . 8 0 8  
& 10,8 33*7 0,394 13 66, 5 $9.S o . • 8 6  
5 41 .8  43 ,6  - 3 - 9 o 5  17 39*4 41 .o  -=*771 
6 39-7 4 • -9  " 3 . 9 9 5  6 3 
8 47*5 4 9 , 8  0 . 1 1 •  0 119.  7 134 .6  - - • .884  
9 a8.~ 30 ,3  - -= ,614 t 45.6 46. 3 - 3 . 8 9 7  

$ ~ • t t t * t  1t7*7 @,373 
o lS6  7 11o*4 - = , 8 8 7  3 $0,6 ~o,5 o,311 
1 8 1 . 7  76*3 -= ,899 4 99,~ 101,U -3 ,833 
a 1o5.~ 111 .3  o.=74 29.1 " • , 7 6 3  
3 85*9 79-8 0*339 ~ ~7-9 98,$ s o = . =  o.=98 
4 10004 1o6.o - • , 8 ~ 9  8 87 ,6  98,8  -= .848 

| 6 . ~  5 • . 4  - • - 7 9 8  •o 75.3 8o.= 0.343 
99 ,4  1o6,= o,173 1= 79.0 ~2,0 -=.833 

$ 5 14 66,2 71 .3  o . 3 1 ~  
1 7 . o  : 4 - =  -= .61~  16 ~6.o  6o .7  - 2 . 7 9 1  
46*7 43*9 o*187 6 4 

2 15 ,6  as,o 0.305 
39*4 37.1 - S * 8 0 4  
3 • . 9  31-3 --=*904 

$ ~6,6 $4,6 00331 
$ 6 

c 45.8 $ 3 . 5  -=,855 
1 14*1 =4"3 " = - 7 6 o  
= $3 .8 54-3 o . ; 8 0  
3 • 9 . 8  a7,3  o.357 

4o*4 43-9 -= .8oo  
31,6 =3-3 -= .7~6  

6 49 .7  4 7 , t  o .3o7  
$ - 

s 6o~o 17,8 o,343 
: ~707 =8,0 0 ,433  
3 $3.$ ~ = , s  - 3 . 7 6 2  
4 36-7 35 -o  - = ,6o$  

$6.  3 S h O  0 .378  
6 30,6 30,= o,379 

9 
1 55"4 30-$ u. 398 

b o 
o ~ l o a  60*4 0 , •66  

I $ 5 - 1  "•49*4 - • 0 6 8 7  
= 4 1 . ~  40*0 -3 ,803 
5 154"0  146*4 0,=~3 

• 3• -9  z$.c .:. ,oC ; 
6 5 

o 69,o 8~. 5 -:~.841 
s 13,5 t 6 . 8  * 3 . 8 1 s  
• ?7.9 78,8 o*3s7  
3 ;8-9 31.7 o,s74 
4 7 o . $  7 ° . 6  " s , 7 9 3  
b$ 44.3 35.2 - a . 9 0 ~  

79.6 79,1 0-~99 
6 6 

1 67,.5 61.9 c.3e3 
a 37.3 13,4 o.299 
3 37.=  $6, 3 -~.6o6 

=9.6 19.7 -~.8o7 
5 7 . 3  $ 4 . z  0.34¢ 

S 6 8 

t ~1 . t  45,6 0,385 
3 44.7 44-4 "2-7~1 
5 5o*. ~ ,t=.o ©.4o 3 

? 
t s=4*3 z21 ,3  -= .  869 
3 133*5 13o*9 o*=49 
4 3 • , 3  a~*5 0 .17o  
5 SOB.= 119.4 " ; . 8 7 5  

3 6 , 4  38 .7  - = . 9 9  6 
7o.8  8 0 . 5  o .~8~  
7=-9 9 o . 4  - 2 . $ = o  4 37-7  o3. 3 o . : o o  

tJ�*0 •40,~ - • , ~ o •  SS 83.8 76,~ o,3~ 9 
~=,a 49,~ -=*o66  13 67 .=  91.4 0=,868 

113.7  117* $ o . 3 0 ~  I~ 3 9 . 0  68-7 0*334 
4•*4  44*9 0.=70 17 4Z.4 ~='9 - = ' 7 4 8  

• 1 • . 3  10"~-4 - • - 8 3 6  19 ~3-z  48,9 0*377 
• o ~ l . o  1 9 . 7  - 1 * 7 ~ •  7 
.•~ ~¢01 ~e,6 o . : t b  o 93*t  84.7 -3.841 
:~ 46,0 4~*J ~*blV J 9 9 . 4  S03*3 0*346 
13 ~$ .~  ~ • . 6  -= .6=u 3 ; 8 . 5  ~4.8  o*135 
14 3y .1  36*7 - 3 . 9 7 1  4 73.1 73-3 - 3 , 8 o 3  
~ Z04*4 i T . i  C-171 6 79*9 83.~ 0, •89 
16 ~4"3 14*9 0*6•3 6 61,  7 64,  4 - 3 . 7 6 3  
-7 ~'7.9 6~0C - = . 7 6 0  t o  31 .4  66.  9 0 .3= 4 

s ;  7~*t 73.5 - = , 8 6 8  
:4  39,4 $1,3 c , 3 6 3  
• 6 57,6 5 3 . 6  -~ ,83o  
:8 41,5 35.9 v .448 

7 3 
o 31.6 $,9 a,~93 
s 3=,8  19.8 -=,~6= 
5 47.~ 4 5 . 5  o*=39 
4 • 7 . =  11 ,3  o.o67 
L 38"8 34*9 -3 .838 

• 7,1 1~,9 -3 .068  
7 4V.3 36,0 o, •83 

7 4 
95,9 96 .4  - = , 8 = 9  

J 3o.8  33.3 " ; . 8 6 7  
36* t  3 4 . 4  0 .438  

9 s 
33.7  =o.~ " • . 7 7 9  
75*9 8 3 , 6  - 3 , 8 4 •  

2 39.o 36. 9 o.=68 
3 71.$ 73.1 o.338 
4 3o,3 J9*4 "2,9o1 
$ $6 .o  68.o - • . 7 7 6  

9 Z 
O 73.6 7o.6 - 2 . 8 6 3  
= $5.= 5 3 . 7  0 . 3 7 5  

~6.3 67 .4  - = . 8 3 7  
56 ,8  36,9 0 .338  

3 95.~ 93-1 0.3=3 8 S7'3 33,8 - • . 8 3 3  
3 39.8 27*4 o.144 •o 38.3 ~=.4 o.319 
& 96,= 93,4 - a . 8 1 7  s •  4=,6 36,7 - 3 , 7 1 1  
6 69,o 9~.3 o,308 9 3 

7 $ 
56*0 5o, 6 o.343 

3 43,5 34.4 -= .784 
$ 33-1 33.5 o.356 

? 
o 43,5 44,o " 3 . 7 9 9  
z • 7 . 7  35-~ o .457  

43 . :  48.o -= .838  
44, o 4=,o 0033~ 

7 7 
I ~8, 4 ~3.6 o.363 
3 54.6 5~.9 "=-777  
S $o,= 43-= o .418  

6 ¢ 
1 • • 8 . c  s • ~ .  5 - = . 8 3 3  
3 113*• 110.3 0*=96 
S 1°8,3 116,$ -•,St~J) 
7 95,o 95,7 o*3zo 
9 83 ,3  8 4 . 2  - 3 . 7 9  6 

11 93.4 9 3 . ?  o*=9o 

• 43 .o  38.  4 "=*931 
9 4 

o 68.0 7o.8 -,~,81 s 
3 6 7 . 4  66.o 0.353 

6 7 . 0  6 3 , t  -=*79S 
38.3 60.7  0*364 

9 6 
= 38.8 35 . •  o . 3 3 8  

9 7 
1 34.a 34.4 0,444 
t o  o 

o 30.6 •4 .9  - =, 6.5o 
s 64.  3 6 7 . 1  -2 .8os  
• 43.9 38.8 o,3o6 
3 6 1 . 0  38 .=  0039 ° 

33-o 26,1 - = , 6 i J  
$3,9 81,$ - = . 7 8 3  

6 33.6 ~9.o o .393  
68,= 64, 3 o, 3.~8 
3 4 , 8  3 t * 8  - 3 . 8 o  3 

: 3 86.6 77.9 - • * b J 9  9 61.= ~6. 5 -= .786 
15 63.6 61.3 o.377 so 35*S s$.3 o,442 
• 7 6=,z $4,$ - • . 7 6 s  11 5o,3 48,1 o,39= 
19 49"5 4b*7 0*376 13 35,6 31,0 -3 ,683 
=x 47*5 40.7 -= -744  131 c 16.o 41.8 "~-7=3 
=3 31.0 30*5 0.463 1 

8 s 2 =8 .4  z$,8 0 .3~7  
o 41.1 4 ' . 9  - • . 8 3 o  6 3=.6 16,1 0*3=4 

53 ,7  43-5 o*184 
49.8 4~ .6  -= ,858 
4 o . 4  36*S 0*34= 

8 3&,8 36.9 - = . 8 s  3 
:o 39,6 33,5 o,33A 

8 a 
s 78.  5 73,0 - = . 8 4 7  

7t*~ 73 .7  0 . ~ 9 •  
$ 7 5 . 5  78*0 - • , 8 7 7  
7 64,9 6=,3 o,3=o 

9 • $4.9 $4,6 - = - 7 9 4  
$6,1 6• .8  o.186 

13 51.3 51.= - • . S a a  
~5 4 • , $  38,6 o.39o 

l 3 
o 8 7 . Z  84-4 "3.8o9 
l 14,o 18,7 o.~o5 

97,3 93 , •  o, ags 
9 o . 6  9 3 . 7  - • . 8 4 8  

6 74*4 7 7 " 4  0"343 
8 79,9 76, 5 - • , 8 s l  

1o 7o, 7 7o,1 o.34o 
~; 73 .2  84*s - • . 7 9 6  
s4 6o,5 $8, o 0 . 3 3 s  
~6 43,6 46 ,7  -~ .745  
18 ~4.6 4•*$ 0-399 

8 5 
: ~6,o ~$.1 " ~ . 7 4 3  
I 34.1 b,9 0,171 
a 79-z 65.= 0-333 

66.1 6 3 . 4  - = . 6 1 7  
$4,o $3,o 0*376 

a 6 
46.7 45,6 0.365 

3 44 .7  4o*$ - = . 7 3 4  
$ 8 3S~° 41.3 0.389 

~8.•  35.9 o.43~ 

so 3 
s 48.6 47-3 -2 .839 
3 a8.8  34.o o.333 
3 39.5 38.3  0 . 3 8 6  

Ao 3 
o $4,J 51*6 -3 ,766  
: =4.o 38.8 o,35o 
3 56.4 55.6 o*$59 

3 7 . $  ~3*3 "= .787 
46,o 5o.8 o*~59 

10 $ 
o 38,6 38,8 - • . 7 5 t  
= ~8,8 38,4 o*$91 

Jo 6 
s •8 ,6  16,6 0.434 

11 1 
n 4s~& 4s.6  -3 .766  

4 3 . s  3 • . 7  0-39•  
st • 

1 34,0 34.6 o. 4o= 
• 35 *0 34.5 0*345 

Jz 4 
= 38.4 $S.s e*4o6 

o 18 6 36,1 - = . 7 5 3  
t 2 7 . 5  3 9 , 7  " 3 , 7 4 0  
3 47.7  ) 8 . 0  0.387 

39,o •9 ,6  o-399 
4 • , 4  3~*o o.413 

11 2 
= 38.8  | 6 .  3 o*$63 

!= 3 
3 36.8 a5,3 0.396 

• 35.3 31" 8 0.403 
14 o 

o s9 ,6  36.A -~.655 
• 30,o 36*9 e.474 

parameters to give an R value of 0-070. Allowing the greater than the carbon or nitrogen one. Final param- 
uranium atom ellipsoidal vibrations resulted in no eter shifts were all less than 0.1 of the corresponding 
significant improvement in R and indicated negligible e.s.ds. A final difference Fourier synthesis showed a 
anisotropy. At this stage the difference Fourier map single peak of about 1.25 eA -3 close to the uranium 
was examined for evidence of hydrogen atoms. Well position, but otherwise nothing greater than 0.5 eA -3. 
defined peaks were not observed, but the density at the Analysis of the final JFo-Fcl showed no significant 
calculated hydrogen positions was everywhere posi- variation either with [Fol or with sin 0/2. This final 
tive. Hydrogen atoms, placed at the calculated posi- refinement led to an R value of 0.069, and to the posi- 
tions, could not be refined; so the group refinement tional and vibrational parameters listed in Table 1 and 
facilities of the GENSFLS program were used. Each the structure factors in Table 2. 
hydrogen was grouped with its corresponding carbon X-ray scattering factor curves were taken from Inter- 
or nitrogen, and translations of  the group were refined, national Tables for X-ray Crystallography (1962), Af' 
One thermal parameter was refined for each group; the and Af" for uranium from Roof  (1961), and p, for 
hydrogen vibration was constrained to be 2.0 A 2 uranium fromRoof(1959) .Comput ingwascarr iedout ,  
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using the Sheffield X-ray programs, on the University 
of Sheffield's ICL 1907 and the S.R.C. Atlas computers. 

Results and discussion 

The structure of the UO2saldien molecule is illus- 
trated in Figs. 1 and 2; the bond lengths and angles are 
given in Table 3, and details of certain least-squares 
planes are given in Table 4. The molecules lie across 
symmetry planes, which contain the uranyl group and 
the central NH group of the ligand. 

Table 3. Principal bond lengths and angles with e.s.ds. 
in parentheses 

U-O(1) 1"72 (2)A C(1)-N(1)-C(I') 106 (2) ° 
U-O(2) 1-64 (3) U N(1)-C(1) 117 (1) 
U-O(3) 2.25 (2) N(I)-C(1)-C(2) 110 (3) 
U-N(I) 2.49 (3) C(1)-C(2)-N(2) 110 (2) 
U-N(2) 2.65 (37 C(2)-N(2)-U 112 (2) 
N(1)-C(1) 1.46 (5) C(2)-N(2)-C(3) 122 (3) 
C(1)-C(2) 1.52 (5) U---N(2)-C(3) 126 (2) 
C(2)-N(2) 1.53 (4) N(2)-C(3)-C(4) 127 (3) 
N(2)-C(3) 1.19 (4) C(3)-C(4)-C(9) 129 (3) 
C(3)-C(4) 1-41 (4) C(4)-C(9)-O(3) 116 (3) 
C(4)-C(5) 1-45 (4) C(9)-O(3)-U 135 (2) 
C(4)-C(9) 1.39 (4) O(3)-C(9)-C(8) 118 (3) 
C(5)-C(6) 1-34 (4) C(3)-C(4)-C(5) 117 (3) 
C(6)-C(7) 1-38 (5) C(9)-C(4)-C(5) 113 (3) 
C(7)-C(8) 1.43 (5) C(4)-C(5)-C(6) 123 (37 
C(8)-C(9) 1.41 (4) C(5)-C(6)-C(7) 123 (3) 
C(9)-O(3) 1.35 (4) C(6)-C(7)-C(8) 118 (3) 
N(1)-U-N(2) 67.3 (0.7) C(7)-C(8)-C(9) 118 (3) 
N(2)-U-O(3) 69-5 (0.8) C(8)-C(9)--C(4) 125 (3) 
O(3)-U-O(3') 87.6 (1.0) O(1)-U---O(2) 178.6 (1.2) 

The uranium environment is a slightly distorted pen- 
tagonal bipyramid. The uranyl group, which defines 
the axis of the bipyramid, is, within experimental error, 
linear and perpendicular to the least-squares plane 
through the five equatorial atoms. These form a slightly 
puckered pentagon, but the largest deviation from Dsh 
symmetry is the rather large O(3)-U-O(Y) angle. The 
inequality of the uranyl U-O bond lengths, though not 
great, is rather unusual (but see e.g. Nguyen Quy Dao, 
1972); they each differ by 2a from their mean of 1.68 ~,  
itself a perfectly normal value. The difference may arise 
sterically, as the uranium atom is displaced from the 
mean plane of the pentagon by 0.06 A towards O(2), 
i.e. in the direction of the shorter U-O bond. The shape 
of the pentagonal bipyramid, idealized to exact Dsh 

symmetry, may be defined by the ratio of axial to 
equatorial bond lengths, observed in this structure at 
ra/re=0"71. This is distinctly larger than the 'ideal' 
value of 0.62 (obtained when ligand-ligand distances 
are equal for the equatorial and the pyramid edges), 
but is rather smaller than is found for most uranyl 
compounds (ca. 0.72 to 0.79). (Pentagonal bipyramids 
not containing an actinide MO2 group show ratios of 
about 0.9 to 1.0.) 

As this is the first reported structure of a saldien com- 
plex, no direct comparisons of ligand geometry can be 
made. However, the present complex may be usefully 
compared with complexes of the quadridentate ligand 
salen (Calligaris, Nardin & Randaccio, 1972; Bailey, 
Higson & McKenzie, 1972). The saldien ligand shows 
some signs of strain in achieving 5-coordination (such 
as the inequality of the U-N  distances and other fea- 
tures noted below), but otherwise it seems closely sim- 
ilar to what would be expected from salen complexes, 
except for the unusually short C(3)-N(2) distance of 
1.19 A. 

The five-membered chelate rings have the expected 
gauche conformation, but ligand strain causes them to 
be somewhat unsymmetrical. In this they resemble the 
five-membered rings in salen complexes, though the 
torsion angle about the C-C bond in the present com- 
pound is much higher (54.5 ° ) than those observed for 
salen (mostly 30 ° to 47°). The six-membered chelate 
ring is essentially coplanar with the benzene ring, but 

6 ~ "  , 

i 

H 8  H9 

Fig. 1. Projection of the molecule along [001]. 

Table 4. Equations of least-squares planes 

Equations are given in the form pX+qY+rZ=s, where X, Y, and Z are coordinates in ,~ referred to the cell axes and origin. 
The deviations of certain atoms from these planes are given in square brackets. 

Plane Defined by p q r s 
1 N(I), N(2), O(3), N(2'), 0(3') -0"2272 0"0000 0"9738 0"3709 

[U 0"06, N(1) 0"21, N(2) -0"16, 0(3) 0"06] 
2 U, N(1), N(2) -0"1656 -0"1180 0"9791 -0"1870 

[C(1) -0-42, C(2) 0.271 
3 N(2), O(3), C(3)-(9) 0-0496 0.4929 0.8687 1.3077 

[N(2) 0.09, C(3) -0.05, C(4) 0.02, C(6) 0.01, C(7) 0.04, C(8) 0.02, C(9) 0.01, 0(3) -0.07, U 0-94] 
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Fig. 2. Edge view of the molecule projected along [100]. 

with the uranium atom lying 0.94/~ out of the plane. 
(This is much further than would have been predicted 
from any salen complexes.) The other nine atoms, 
N(2), O(3), and C(3) to (9), show a mean deviation of 
0.05 A. from their least-squares plane, but this figure 
contains rather large contributions from N(2) and O(3), 
which are twisted from this plane by being shared with 
the pentagonal coordination plane of the uranium. 

The large dihedral angle (31.0 °) between the salicy- 
lideneimine plane and the coordination plane is pos- 
sibly another sign of strain in this molecule, as the 
values for salen complexes rarely exceed 15 °, except in 
highly strained systems such as Cosalen benzoylaceto- 
nate (Bailey et al., 1972). The two salicylideneimine 
planes of the molecule meet at a dihedral angle of 59.1 o 
and each is at 60.5 ° to the mirror plane. So these three 
planes intersect one another (at almost exactly 60 ° ) in 
a common line, which is nearly parallel to the direction 
of the U-N(1) bond, as can be seen from the edge-on 
view of the molecule in Fig. 2. 

We are grateful to the Government of Pakistan for 
a scholarship awarded to one of us (M.N.A.). 
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An X-ray and Infrared Study of Bis(isoeyanurato)diammineeopper(II) 
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C.S.I.R.O., Division of  Soils, Glen Osmond, South Australia 5064 
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A three-dimensional structural analysis and an infrared study of an ammine isocyanuric acid copper 
complex are reported. The complex, which has the formula [Cu(CzNaO3H2)2(NH3)2], crystallizes in 
space group PT, with unit-cell dimensions a=7.03, b=9-05, e--6-91/~, c~=42"19 °, fl=90"39 °, ~'= 
95.56 °. Least-squares refinement led to a final agreement index of 10 % on 837 reflexions. The complex 
consists of ammine groups and isocyanuric acid rings, bonded through nitrogen to copper atoms, forming 
square-planar arrangements cross-linked by hydrogen bonds. Some infrared bands are assigned by 
comparison of the spectra of [Cu(N3C303H2)z(NH3)2] with the following: [Cu(N3C303H2)2(H20)2], the 
deuterated analogues, cyanuric acid and diammine isocyanurato complexes of other metals. 

Introduction urea to form cyanurato complexes which have received 
little attention from chemists during the last 50 years, 

Work in this laboratory (Taylor, 1972) has shown that and have not yet been structurally defined. 
some metal oxides and salts react directly with heated Cyanurato complexes of copper were originally re- 


